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A DEDICATION 


The Ramsey FX-series FM Transceiver Kits are writing a truly NEW 
chapter in the annals of the ham radio story. Growing numbers of today's 
radio amateurs ARE willing to build, understand, adjust and maintain 
modern VHF gear capable of digital frequency programming and data 
communication as well as FM voice. How do we know? We know it 
because, during 1991, thousands of hams worldwide built and are using 
our pioneering FTR-146 for two meters. The FX Transceiver design was 
developed in immediate response to those builders’ suggestions, wish 
lists and inquiries. This publication is dedicated with deep thanks to all 
those FTR-146 builders! 
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IMPORTANT NOTICE 


The Ramsey FX-440 VHF FM Transceiver is capable of 
TRANSMITTING as well as receiving on any frequency in the 
range of 400 to 480 MHz, making it suitable for a wide range 
of UHF communications requirements. Operation of the 
Transmit function of this equipment requires an appropriate 
license issued by the Federal Communications Commission 
: (FCC) for the class of operation intended. The FCC issued 
TECHNICIAN CLASS license or higher is required for 
operation in the Amateur 440 MHz band (420 to 450 MHz). 
Proper licensing is required for MARS or CAP operations. 
Amateur licensees are required by the FCC to maintain strict 
control over their equipment to prevent unlicensed operation 
either in the amateur band or outside it. FCC regulations 
ENFORCE severe penalties for unlicensed operation of radio- 
transmitting equipment and for interference with other 
communications services, whether malicious or accidental. 
Ramsey Electronics, Inc. sells the FX-440 transceiver solely 
for correctly-licensed operation. It is the sole responsibility of 
builders and operators of this RF electronics device, capable 
of emissions controlled by FCC Rules, to understand and 
comply with those rules. - 
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SPECIFICATIONS FOR THE RAMSEY FX-440 440 MHz BAND 


AMATEUR RADI 


General: 
Frequency Range: 


Tuning: 


Programming: 
Transmit Offset: 
Mode: 


- Packet (Data) Operation: 


Packet RX Audio: 
Power Requirement: 
Power Consumption: 


Antenna Impedance: 
Microphone Impedance: 
T-R switching: 

PTT circuit: 


Semiconductors: 


Transmitter: 
Final Power Output 
Final Output Stage: 
- Modulation: 


Max frequency deviation: 


Modulation distortion: 


- Receiver: 
Circuitry: 


_ Sensitivity: 
Selectivity: 

Squelch sensitivity: 
Audio output: 

- Circuit access points: 


FX-440 


M_TRANSCEIVER: 


aan 20 MHz segment between 400 and 
480 MHz 


Diode-programmable PLL synthesis 

12 front panel selected frequency pairs, 
easily expandable by switches, 
microprocessors, computers, etc. PLL 


12.5 KHz steps with programmable offsets 


Programmable: Simplex, +5, -5, Aux 
NBFM 

All rates incl. 9600 baud . 5-pin DIN jack 
(TXD, RXD, PTT, + 12VDC, GND) 
Speaker, discriminator or true FSK 
13.6V DC +/-10% (Negative groune) 
1.0 A Transmit (for 3 watts RF output) 
200 ma. (Receive, no signal) 

50 ohms l 

600 ohms or high impedance 

PIN diodes 

Solid State (for standard ICOM-type 
speaker/mic connection) 

10 IC's, 17 transistors, 24 diodes 
(plus programming diodes) 


2-4 watts RF 

MRF630 or equivalent 

True direct FM 

+/- 25 KHz, +/- 5KHz NBFM i 
Less than 5% 


Double-conversion superhet 

First IF: 21.4 MHz 

Second IF: 455 KHz 

12 db. SINAD less than 0.50 uv ` 

+ 7 KHz (-6db.), +15 KHz (-60db.) 
Less than 0.25 uv 

More than 2.0 watts 

COR, RSSI, PL tone input, FSK demod. 
+12V, +8V, +5V, PLL programming. 
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INTRODUCTION 
to FX-series VHF Transceiver Kit Assembly 


For the 1990's, Ramsey Electronics has adopted a "Learn As You Build" 
philosophy for ALL our electronics kits. We feel that licensed ham 
operators should know about the equipment they use, and also should 
have the desire to understand how their gear works. Additionally, it has 
been our corporate response to all those urgings by public officials that | 
both students and their parents need to become sharper in science and 
math. This "Learn as You Build" approach to electronics hobby kits is 
now evident in all Ramsey Electronics build-it-yourself kits from our 
under-$5 student kits up to this synthesized UHF transceiver suitable for 
ham radio and public service applications alike. 


We think that "learning (and UNDERSTANDING) as we build" is 
especially essential in a more sophisticated project such as the Ramsey 
FX-series UHF transceivers. In fact, we are so convinced of this basic 
need that this kit instruction manual departs from the traditional scheme 
of separating assembly directions from a "theory of operation." 


The FX-series of Ramsey VHF/UHF Transceivers puts today’s FM 2-way 
radio technology back in YOUR hands at a budget price. Our idea of 
"budget" looks far beyond the modest purchase price to our goal that 
you can MAINTAIN your FX- unit in good operating readiness with no 
need for expensive shop service. On the other hand, we also have made - 
the transceiver design as abuse-proof and rugged as possible. 
"Alignment," traditionally an intimidating many steps process is very 
easy, quick and fool-proof in this circuit design. 


Instead of separate stage-by-stage assembly directions plus separate 
theory information, this FX- instruction manual highlights your 
transceiver's operational theory, often a single component at a time, with 
actual construction steps provided as follow-up after each explanation. 
The assembly sequences are easy to find in the following pages. You 
indeed have the freedom to solder first and read all about it later. We 
hope, though, that you'll take it easy, learning as you build, and then 
enjoy the reliability of your Ramsey FX Transceiver for a long time to 
come. 


The “style” of our kit-building directions presumes that you are peeking 
at our multi-color parts layout sheet while seeing that the very same parts 
outlines are imprinted on the component side of your FX PC board. This 
makes it very easy to properly place each and every component. 


You'll install EVERY FX- part perfectly by using our simple step-by-step 
kit building process. And you'll know the WHY of most assembly steps, if 
not all of them. Before you start, THINK about what you'll create from 
those bags of parts as a finished product! For a minimal investment of 
your time as well as your well-earned money, you will have a UHF FM 
voice-data Transceiver that you will truly OWN. Real "owning" ultimately 
means knowing how to maintain and understand something that we have, 
in contrast to merely possessing a thing because we spent the bucks to 
do so. You'll have the flexibility of 12 channels chosen by YOU with the 
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easy ability to change or expand. You'll have both FM voice and 
high-speed data capability. When you're ready, you can experiment with 
many different enhancements, concentrating on those truly useful to you. 
If there’s ever a problem, you won't think twice about digging in and 
fixing it. Whenever you decide you could use still another VHF/UHF 
FM/data transceiver at a budget price, you'll Know with confidence that 
an FX-series kit is the right way to go. 


What's faster: turning your FX- Transceiver to any one of 12 possible 
channels programmed by you, or trying to remember again eaxctly how 
to use the memory pre-sets of your HT, or your HF rig, or the VCR, or 
the microwave? | 


Let's learn about and build up a FX- VHF/UHF FM Transceiver! 
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A MESSAGE TO HAM RADIO BEGINNERS: 


If you have just earned your Novice or Technician license, or are 
studying for either of them right now, we'd like to say a special Thank 
You for choosing this Ramsey VHF/UHF transceiver as part of your ham 
radio beginnings. We have tried to make this instruction manual as clear 
as possible. However, there are some VHF radio "basics" covered by the 
FCC question pools for all ham license study guides that we must 
presume that you have studied and understood. 


Here is a simple guide to selected Technician Class questions to help 
with any review you wish to make before building: 


FCC Subelement 3AA (Selected Rules): 4.2 11-1.1 125 15.2 


FCC Subelement 3AB (Operating Procedures): 2-1.1 2-1.2 2-1.3 2-1.4 
2-1.5 2-2.1 2-2.2 2-3.1 32 6-3.1 


FCC Subelement 3AC (Propagation): It's up to you to understand the 
characteristic differences among HF (shortwave), VHF and UHF 
communications. 


FCC Subelement 3AD (Amateur Radio Practice): All of this is 
fundamental know-how for hams. In working on this project, be especially 
familiar with: 1-1.1 1-1.2 1-1.3 7.1 9.1 through 9.5 (dummy loads) 
FCC Subelement 3AE (Electrical Principles) 3AF (Circuit Components) 
Please know ALL of this. 


FCC Subelement 3AG (Practical Circuits): 4.21 FCC Subelement 3AH 
(Signals and Emissions): 1.1 2-1.1 2-41 262 2-7.1 4.1 61.2 
7-1.1 721 7-2.2 | 


FCC Subelement 3Al (Antennas and Transmission Lines): You will WANT 
to know all of this, if you don't want to take all your savings from building -~ 
your own transceiver and spend it on a commercially-built antenna. Very 
good VHF antennas are easy and inexpensive to build yourself! 
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DC POWER SUPPLY CONSIDERATIONS 


Your Ramsey FM Transceiver is designed to operate from any stable DC 
voltage source in the 12 to 15 volt range, from typical car, boat or plane 
12V systems to a wide variety of battery packs or AC-powered DC 
sources. In a pinch, you can get on the air for quite a while with 8 to 10 
ordinary "D" cells! Our lab tests show only a .93 amp current draw for 3 
watts of RF output. We have just a few points of advice and caution: 


1. Your DC supply should be able to provide a minimum of 1.0 
amperes in continuous service. 


2. Any battery setup capable of supplying 12-15VDC will serve 
quite well. 


3. Use of wall plug power supplies is NOT recommended. 
Obviously, 12VAC output is not suitable. Most DC output 
units do not have adequate voltage regulation. 


4. Turn your transceiver OFF before re-starting the vehicle in 
which it has been installed. 


5. Replace F1 only with a 1 amp fuse. 


6. If you power your transceiver from the +12V accessory 
voltage available from other equipment, be sure that 
source is rated for the 1 amp required. 


7. Your transceiver circuit includes noise suppression at the DC 
input and additional filtering at the VCO, primarily to 
prevent ignition/alternator noise from being introduced into 
the FM modulation. If you hear ignition noise in the 
receiver, the vehicle has a serious general problem. 

Check your transmitted signal on another receiver before 
mobile operation. Radio Shack sells a variety of 
noise-suppression capacitors and chokes. The ultimate 
solution, which has been tested, is to run the transceiver 
from a smaller accessory battery. 


If you plan to build a power supply for fixed-station use, there are 
numerous construction articles in ham and electronics hobby 
publications. A convenient new book featuring easy-to-find components 
and clear explanations is Building Power Supplies (Radio Shack 
276-5025.) 
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ENCLOSURE & HARDWARE CONSIDERATIONS: 


The companion CFX case and knob kit is sold as a separate option 
ONLY as an accommodation to those radio hams who have their own 
ideas or resources for the "finishing touches." 


However, a proper case for your FX-series is much more than a 
"finishing touch," since the controls and jacks are panel mounted and 
proper RF shielding is required. 


The CFX case measures 9-3/4"L X 6"W X 1.5"H. 9"X6" dimensions are 
minimum for accommodating the PC board. The height may vary if you 
wish to include an internal speaker, accessory PC boards, additional front 
panel controls or indicators, etc. If you are new at all this and do not 
already own a Suitable enclosure plus that collection of hardware and 
knobs that every ham seems to accumulate, here is what you need to 
know if you are hesitant to purchase the CFX case kit: 


A. "Blank" electronics enclosures have become among the most 
expensive hardware in the industry, especially if you are buying 
just one unit. This is because they are sold mainly to engineers 
and designers for prototyping. A blank metal enclosure even 
slightly comparable to the CFX case kit will run $30 to $80 or 
5 DO Even a plain aluminum chassis box/cover will be around 

15.00. 


B. If you think there's any chance you someday may wish to sell or trade 
our transceiver, you should be aware that units mounted in odd 
oxes may have even less value than the bare circuit board with 

documentation alone. 


C. Many distributors have a minimum mail order of $25.00. 


D. Your best chance for finding an inexpensive alternative case is to 
have access to a lot of ham friends who tend to “collect stuff," or 
to browse the catalogs or showrooms of electronic surplus 
dealers. You just might find a gorgeous new box originally 
intended for somebody’s ingenious Ultra Modem, external disk 
drive or other dream gadget from two years ago. 


Are we trying to discourage you? No, not really! We know you can see 

that there are good reasons to consider calling Ramsey Electronics and 

getting your CFX case on its way while you work on the PC-board and 
LL Programming. However, we do not want you to feel "stuck" with our 

recommended CFX enclosure, so we have worked up a detailed 

shopping list for getting what you will need to make as attractive a 

ee unit as possible with a single trip to the neighborhood Radio 
hack store. 
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Quantity RS Part No. Description 1992 Price 


1 270-272/74 Deluxe Project Enclosure 
(two heights available) 10.79 
1 set 274-section Pkg. of 3 or 4 knobs |. 2.00-3.00 
(styles vary) 
1 set 270-201 Rub-on project labels 2.99 
2 sets 276-195 PC-board standoffs/screws 2.38 


This $16 to $18 (plus tax) in basic hardware also presumes availability of 
all needed drill bits and/or a reamer or punches of sufficient size to make 
the needed access holes for the rear panel jacks. You'll also want to 
figure on spray paint as well as a clear finish to protect the panel labels. 
Tools and supplies, if not on hand, could cost much more than the CFX 
enclosure kit itself. 


In addition, this style of case will have to be utilized upside-down and 
also length wise rather than as designed. This means that the top (black) 
becomes the foundation for mounting the PC board with the standoffs as 
well securing the SO-239 antenna connector assembly. You may wish to 
repaint the white bottom which now becomes the top. And, to use the 
project labels (black lettering), you'll probably wish to repaint both pieces. 


This adaptation of standard Radio Shack hardware is adequate for indoor 
or occasional use but not recommended for mobile operation. We are 
happy to provide this suggested alternative to the rugged case, knob and 
nwa kit custom designed for the FX-series transceivers. The choice 
is yours! 
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THE RAMSEY CFX TRANSCEIVER ENCLOSURE KIT 


The CFX Kit is very obviously a fair value and solid investment for the 
long term performance and worth of your transceiver. As we have 
mentioned, we make it "optional" ONLY because some of our ham 
customers have specialized applications requiring only the basic PC 
board kit. We try whenever we can to accommodate that important 
do-it-yourself spirit of ham radio. 


ENCL RE ARTS LI 


Steel bottom shell with 5 threaded PC board standoff posts 
Steel top shell 

Front control panel 

Rear panel with access holes to PC mounted jacks 
Steel side rails 

PC board standoff spacers 

#4 nuts to secure PC board on standoffs 

#4 screws to mount front and rear panels 

#6 screws for securing top and bottom to side rails 
large knob for Channel Selection Switch 

smaller Knobs for Volume and Squelch controls 
self-adhesive rubber feet 
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rara dh feel ls Qos tr rr Seats re ardor tan 


H N + 090 0101N) — — ki ob 


CFX CASE ASSEMBLY PROCEDURE: 


The purpose of these hardware parts is largely self-evident. We offer the 
following suggestions for your convenience and to minimize wear and 
tear on your factory-fresh CFX enclosure. 


[ ] 1. Since the bottom shell might be used for several “test fittings" 
during transceiver assembly, install the rubber feet right away to 
protect its finish. 


[ ] 2. Obviously, the PC board cannot be secured permanently to the 
bottom section until after installation of L9 and L10 AFTER 
Alignment and before Transmitter tuneup. 


[ ] 3. Install the strain-relief grommet supplied with the transceiver kit in 
its rear panel hole. Pass the black ground wire through this 
grommet. The red, fused wire will have to be unsoldered from S1 
and then carefully resoldered after passing through the grommet. 
Snap in the locking section of the relief grommet only AFTER both 
the red and black wires are in place. 


[ ] 4. Remove the two screws from the SO-239 antenna connector, 
gently bend the lugs as needed to match the rear panel holes, 
then secure the jack and lugs to the rear panel. 


[ ] 5. Since the top shell will not be needed until you're ready to go on 
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[ ] 


the air, keep it wrapped in protective material until you're really 
ready to use it. 


. The side rails may be installed to the bottom section at any time. 


To prevent loss of the screws for the top, keep En loosely 
threaded in the side rails. 


. There is no point in securing the front panel controls and 


jacks to the panel permanently until AFTER wiring the Channel 
Selection switch. Note the locking hole for the switch in the front 
panel which mates the tab on the front of the switch. 


. Use care and a well chosen pair of pliers to secure the 


microphone and speaker jacks to the front panel, so as not to 
scratch the panel. 


. Bend the leads of the TX LED so that their tension presses the 


front of the bulb against its front panel hole. 


10. Whenever you find it necessary to remove the top shell, "store" 


the screws back into their holes in the side rails. 


. If you decide to install a ribbon cable in the diode matrix for 


external programming control, route the cable (folded at a right 
angle) on the synthesizer and receiver side of the board so that it 
exits the case between the rear panel and top cover, right above 
the DC power cord. Do NOT route any such cable across the 
VCO and transmitter side. 


] 12. After the PC board is secured to the case bottom and front/rear 


panels, it is a good idea to neaten up the wires to the controls and 
jacks, bundling them at two or three points with tie wraps or cord. 
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GUIDE TO PC BOARD I/O CONNECTIONS 
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GUIDE TO PC BOARD I/O CONNECTIONS 


In addition to ponen interconnections required for jacks and controls, 
etc., your FX-seri ransceiver PC board provides additional access to 
operating voltages and circuit features to make later customizing as neat 
and easy as Pea All these points are plainly marked on the board 
itself aad highlighted on the facing page, with a few other components for 
orientation. 


1. PRIMARY CONNECTIONS: 


PWR (near L20): + 12-15 volts DC from S1. 

GROUND: - DC from battery or power supply. 

SPEAKER: both connections near C37 

MIKE: both connections (IN & GND) near notched end of U1 

SQUELCH: two connections marked CW and W near C16 

VOLUME: three connections marked IN, OUT, GND. 

ANTENNA: Center of SO-239 connected at "RF OUT" near C71 

CHANNEL SWITCH: Row of holes numbered 1 through 12. The switch 
wiper (moving contact) is wired to + 5V near "1." 

EXT AUDIO: must be jumpered per options to enable pin 4 of J1. 


2. TEST POINTS: 


+12V, +8V, +5V, +8R, +8T permit checking for presence of those 
voltages. +8R = Receive mode. +8T = Transmit mode. 

TP1: For checking of VCO control voltage during alignment. 

TP2: For checking VCO frequency with counter. 

TP3: For checking U3 prescaler output with counter. 

R103: + 7VDC at top lead shows locked PLL. 0 volts = problem. 


. 3, OPTIONS: 


+ 12V, GND, +8V, +5V, +8T, +8R: provide supply voltage for 
accessories or modifications designed by you. +5V is available 
both near L1 and near C102. +8T and, +8R are near Q13, Q14. 

Jumper Options for Packet Operation: SPKR to EXT AUDIO: Speaker 
level audio for packet (J1). DISC to EXT AUDIO: FM discriminator 
output for packet. FSK to EXT AUDIO: True FSK demodulation for 


packet. 

RSSI: "Received Signal Strength Indicator” output from: U1. 

COR: "Carrier Operated Relay" output from U1. 

PL: Input point for audio tones (DTMF, CTCSS, etc.) 

Binary Programming Holes: The row of holes alongside the Binary 
Programming labels permits installation of ribbon cable for 
external programming devices designed by the innovative amateur 
kah A switches or interfaces, or a row of internal DIP 
switches. 
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MICROPHONE & SPEAKER INFORMATION 


The FX transceivers with the hardware supplied are designed to accept 
standard ICOM or ICOM-compatible speaker-mikes such as MFJ-284. 
The most conveniently available such unit is Radio Shack No. 19-310, 
new for 1992. 


Be aware that the receiver audio amplifier is capable of supplying a 
husky 2 watts or more of audio power and will drive full-size 
communications speakers to excellent volume levels. 


The PTT switching circuit can be activitated simply by introducing a 
resistance (e.g. 10K) from the microphone input to ground. This ; 
resistance is enough to trigger the PTT circuit without interfering with the 
microphone audio input. 


Consider these factors in selecting microphone, speaker and/or 
speaker-mike for FM voice operation. If your microphone and speaker 
preferences differ radically from the use of a speaker/mike, and you do 
not wish to alter the front panel, remember that you also have very easy 
access to mike and speaker lines via J1, the packet connector. 


A FEW ANTENNA CONSIDERATION 


The idea of building your own transceiver is to Save money and enjoy 
your hobby. Effective VHF and UHF antennas are easy and inexpensive 
to build, whether for fixed or mobile use. There are plenty of off-the-shelf 
antennas to buy, but don’t hesitate to "roll your own.” 


If you are a newcomer to ham radio, you'll discover many strong opinions 
about the "best" antenna to use. A home-built ground plane vertical or 
even a dipole can provide very satisfying results. Whether you need a 
gain factor or directivity in your antenna depends on your operating 
goals. Regardless of the style of antenna, it really pays to give serious 
attention to electrically-solid, weatherproof connections of the coaxial 
cable to the antenna elements. A simple antenna in good condition will 
outperform a fancy one that’s been neglected. 


Popular ham magazines and ARRL publications provide plenty of 
antenna building ideas. MFJ Enterprises offers good value in simple 
ready-to-use antennas for 440 MHz. 
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UHE PACKET DATA OPERATION 


Your FM transceiver was planned and designed to accommodate easy 
and reliable UHF packet radio operation. 


The J1 Packet I/O port can be quickly connected to many modern TNC's 
and the Ramsey P-IBM or P64 Packet Modems with Radio Shack’s 
shielded DIN cable (42-2151). Otherwise, your first step is to prepare a 
reliable 5-conductor cable with a 5-pin DIN plug (RS 274-003) at one end, 
and the correct connector needed by your packet TNC at the other end. 
If you salvage a "ready made" 5-pin DIN cable from something like a 
discarded computer joystick, be sure that there are indeed 5 wires, or at 
least the ones that are required by your TNC! 


Consult your Packet TNC or Packet Modem documentation for ALL 
details on hookup and operation. Pin 4 of J1 offers a choice of amplified 
and squelched (speaker level) audio output, low-level (discriminator) 
output, or FSK output. This choice is set up by the jumper wire positions 
clearly visible on the PC board. 


Packet RX Audio Jumper: Some TNC's require low-level audio from the 
discriminator output of the FM detector, while others will accept speaker 
output. Either is available in the FX transceivers. Simply install a jumper 
in the appropriate location near VR1, to connect "EXT AUDIO" to either 
"SPKR" for speaker audio or "DISC" for discriminator audio. Use scrap 
resistor wire to make the jumper. You also can choose to wire these 
three points to a miniature SPDT switch which you can mount on the rear 
panel near the packet connector. OR, use a PC mount switch in the 
jumper area itself. Provision is also made for true FSK output (near C7) 
from pin 14 of U1, which may be required by some high baud rate 
TNC’s. Use a short length of hookup wire from FSK to EXT AUDIO. 
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FX-440 CIRCUIT OVERVIEW 


The FX-440 UHF FM Transceiver circuit theory is explained in 
progressive stages and in some detail as part of our "Learn As You 
Build" approach to electronic kits. Builders are encouraged to study and 
learn about a stage or section, build it and then test it before going to the 
next stage. The circuit explanations are necessarily written for people 
with all levels of experience, starting with and FAVORING beginners. 


Following is a straight and "minimally chatty" synopsis or overview of 
FX-series technical information provided in the building stages. However, 
we'll still follow the same stage-by-stage designations of the building 
process. 


A: DC Power Input 


- Much of the circuitry operates on the regulated 8 volts supplied by ho, 


voltage regulator VR1. "+8R" or "+ 8T" are points where the regulated 
8V output is switched for Receive or Transmit by the PTT circuitry (Q12, 
U4c, U4d, Q13, Q14). 


The Receiver IC (U1) and the digital frequency synthesis circuit is 
powered by +5 volts regulated by VR2. The op amps used in the circuit 
(U4 and U5) operate from this single supply through the use of voltage 
divider networks at the respective IC’s. The full 12-15 volt input is 
supplied to the transmitter RF output section and to the receiver audio 
amplifier (U2). | 


Components L20 and C42 provide ignition noise filtering. The 5-pin DIN 
Packet I/O Jack (J1) has pinouts corresponding to current conventions for 
TNC's. Receiver audio to pin 4 may be taken from the amplified speaker 
output, or from the FM discriminator output or from the true FSK data 
output of U1. Selection is by a jumper wire on the PC-board. 


B: Receiver Audio Amplifier 
- The LM380 is a self-contained general purpose audio amplifier capable of 


over 2 watts audio output with a voltage gain of 50. Audio from from the 
FM discriminator (U1) is fed through C7 through the volume control (R7) 
to pin 2, the amplifier input. The D output at pin 8 is available 
through C34 to both the speaker jack and pin 4 of the Packet I/O Jack. 
C41 in series with R108 across this amplified output are good practice 
recommended to prevent self-oscillation of the IC. Pin 1 is bypassed to 
ground through C48 in normal operation. | 


If pin 1 is grounded directly, the internal bias of the LM380 is upset, and 
the amplifier is silenced. Q6 is a simple switch. When 8 volts is applied 


through R107 and D22 to the base of Q6, the transistor collector grounds 


pin 1 of U2, thus silencing the receiver during transmit. The COR output 


of U1 (pin 10) also mutes the amplifier. 
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Stage CR: Integrated FM Receiver 


The MC3335 is a complete FM narrowband receiver from antenna input 
(pins 1,20) to audio preamp output (pin 12). The low voltage dual 
conversion design results in low power drain, excellent sensitivity and 
good image rejection in narrowband voice and data link applications. 
The FX223 implementation of this IC yields increased image rejection by 


using a 21.4 MHz first IF rather than the traditional 10.7 MHz. A precision 


2-pole crystal filter (FL1) is used for the 21.4 MHz first IF. 


Our design injects the PLL controlled VCO output through T1 to pins 18 
and 19 rather than using U1’s internal local oscillator circuit. The 
differential drive achieved by T1, similar to a "push-pull" circuit, gives 
superior performance. The VCO input to pins 18 and 19 are mixed with 
the RF input from the antenna circuitry to pins 1 and 20. 


The first mixer amplifies the signal and converts this RF input to 21.4 


MHz. For increased gain, this IF signal is amplified by Q1 before going to - 


the second internal mixer via pin 16, where the 2nd IF frequency of 455 
KHz is achieved by mixing with the 21.855 MHz oscillator. The oscillator 
circuit is internal to U1; the crystal is Y1, 21.855 MHz. 


The 455 KHz second IF output (pin 4) requires filtering. A 6 pole ceramic 
IF filter is used here, offering excellent adjacent channel rejection. 
Ceramic IF filters require no tuning and are not subject to drift, aging or 
shock. 


In addition to audio output at pin 12, a separate high speed data output 
(up to 35000 baud) is available at pin 14 and may be linked directly toa 
packet TNC or other data controller using the jumper wire pad provided 
on the PC board. The MC3335 is capable of detecting true FSK 
(frequency shift keying) in addition to AFSK. 


The receiver has good “hysterisis" characteristics, the ability to hold the 
squelch open once it has been broken by a marginal signal, even if the 
signal becomes weaker. Hysterisis is established by R6. The IC also has 
meter drive and carrier detect circuitry which is put to good use in the 
transceiver design 31 providing very effective squelch action. The 
squelch is activated by signal strength, not by noise. When no carrier is 
detected, the voltage at pin 10 is high, which causes Q6 to mute the 
audio amplifier U2 as explained in Stage B. 


When a carrier is detected, the voltage at pin 10 drops low, turning off 
Q6. R13 permits squelch adjustment. If actual measurement of relative 
carrier strength is desired, suitable metering circuitry may be connected 
to the RSSI output point marked on the PC board (Received Signal 
Strength Indicator). 60 db of RSSI range is available. Finally, the carrier 
detect circuitry affords the same COR ("Carrier Operated Relay") action 
as needed in any repeater, which is why the output of pin 10 is also 
available on the PC board, designated "COR." 
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Stage DR: Antenna Input and RF Preamplifier 


At Antenna jack J3, C71, L12, 23, 24 and C72 form a LOW pass filter. 
This RF is amplified by Q3, NEO21, favored for its high gain and low 
noise (15 db gain, 1 db noise). 


Front-end components C20,26,27,28,30,31, and L2-6, form a HIGHPASS 
filter, which sets the lower limits on the RF passing from Q3 to Q2 and 
Q17 for further amplification and coupling via C78 to U1, pin 20. 


The PIN diodes, D2, D6 and D7, perform all RF T-R functions. PIN 
diodes can pass RF energy either way when it is turned on by DC voltage 
and also block RF from the other direction when it is not powered by DC. 
- During receive, D6 is "on" and permits RF to flow from the antenna 
through C47 to the filter and amplifier stages just discussed. Because 
any DC device needs a ground connection as well as + DC, D6 is 
grounded through RF choke L17, which prevents the antenna RF from 
- being shorted to ground. During transmit, D7 passes RF from the — 
transmitter to the antenna, and L17 again prevents loss of RF to ground. 
During transmit, D6 is blocking transmitter RF from the receiver circuit. 
For maximum protection of the more delicate receiver circuit, D2 is 
- turned on during transmit to ground any stray RF. 


Stage E-F The FX Transceiver VCO — 


The VCO (Voltage Controlled Oscillator) provides basic frequency control 
for both transmit and receive modes. It is essential to understand its 
function in the transceiver circuit. Q7 is the oscillator transistor. L7, D3 
_ and D23 are key VCO components. | 
After the VCO is assembled on the PC board, the interested builder is 
given the option of experimenting with it in receive mode before working 
“On the PLL synthesizer. This is done by applying a variable DC control 

voltage through a pot to TP1. Otherwise, TP1 is available for ae 
VCO control voltage during initial alignment. TP2 permits checking VCO 
frequency output with a frequency counter. TP3 permits checking the 
Output of the UPB569, a +64/65 dual modulus prescaler (U3). 


The control voltage for the D3 and D23 varactor diodes is supplied 
through R47 and R25 by the output of U5:A in the PLL synthesizer 
circuit. 


There must be a 21.4 MHz difference between the receive and transmit 
frequencies of the VCO. This swing cannot be accomplished by PLL 
- programming alone. The VCO must be able to stay "in range" with the 
synthesizer. D3 and D23 work in series during transmit, which reduces 
their capacitance per the standard formula. For example, if a given 
control voltage runs both diodes at 5 pf, the actual capacitance is 2.5 of. 
In receive, the + 8R through D1 causes D3 to be shunted by C39, which 
causes D23 alone to control the VCO L-C circuit, introducing twice as 
much capacitance and thereby lowering the frequency. 
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Q5 is a common base buffer which affords good isolation, low input 
impedance and broadband characteristics. The buffered output from Q5 
is fed into U3, UPB569, a dual modulus — 64/65 prescaler, the output of 
which is fed to the A and N counters in U6. The output is further buffered 
and amplified by Q16, the VCO buffer which feeds T1 through C35 for 
receive, and Q10 through C56 for transmit. 


The VCO is is frequency modulated by microphone amplifier U4. D5 and 
R31 perform an interesting function. Remember that the VCO control 
voltage has a range of about 1.0 volts DC (low frequency) to 7.0 volts 
(high frequency). Therefore, more modulation voltage is needed at the 
higher frequencies. As the VCO control voltage increases, D5 turns on 
and places R31 in parallel with R33, reducing the resistance in the line 
to half and thereby increasing available modulation voltage. 


The VCO requires a very pure source of well-filtered DC, free of AC hum, 
alternator whine or other disturbance. R19 and the 47 uf C40 form a 
basic low pass filter. Transistor Q4 serves as an electronic capacitance 
multiplier. The actual effect of the filter is that the beta of Q4 multiplies © 
the 47 uf for a virtual Capacitance effect of a much larger device. 


: The FX- Tr iver hesizer PLL 


The MC145152 IC incorporates the equivalent of 8000 individual 
transistors and contains the following circuits: 


e A crystal reference oscillator governed by Y2, 12.8 MHz. 

e A counter or "frequency divider" circuit set externally to divide the 
crystal oscillator output by 1024, for a Reference Frequency 
output of 12.5 KHz. , 

e A second counter or frequency divider that divides the frequency from 
ue aon (U3) by the externally programmed number that we 
call "N". 

e A third frequency divider ("A") also used for programming control logic 
Circuitry which permit the "N" and "A" counters to work together 
for channel programming. 

e The Phase Detector (or "phase corrector") compares the 12.5 KHz 
Reference Frequency with the “intended” 12.5 KHz output of the 
N-divider and sends correcting pulses to the VCO to keep the 
output of the N-divider right at 12.5 KHz. 

e A "lock detect signal” circuit. 


The reference oscillator is internal to U6, governed by Y2. The precision 
of the 12.8 MHz reference oscillator can be adjusted by trimmer C81. 
The R divider feeds 12.5 KHz to the phase detector section of U6 (12800 
KHz divided by 1024). 


The output of the UPB569, +64/65 prescaler, U3 is AC coupled via C57 
to pin 1. The dual modulus ba ora is controlled by pin 9 of U6. The 
prescaled output of the VCO is fed to the A and N counters. The "N" 
number programmed on the diode matrix is predetermined to divide this 
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frequency down to 12.5 KHz for phase comparison with the 12.5 KHz 
output of the crystal controlled reference divider. Maximum "N" is 65,535, 
achieved by switching on all 16 parallel inputs. 


Unlike simpler PLL IC’s, U6’s phase detector has TWO outputs at pins 7 
- and 8. These outputs go through very simple low pass filters (R44-C68, 
R53-C91) to cut back the 12.5 KHz whine sound of U6 at work. Op amp 
U5:A sums together the phase detector outputs and the output of U5:A is 
passed through a network of 2.2 uf electrolytic capacitors (C67,70,90,92) 
ce out the phase detector pulses to clean DC for controlling the 
VCO. | 


R48 and C85 form yet another low pass filter to ensure that any 12.5 KHz 
“whine” will not get into the VCO. Because the DC charge developed in 
C85 (.1 uf) would slow down the PLL during major frequency swings, ' 
such as just going from transmit to receive, D8 and D10 are set up 
back-to-back across voltage dropping R48. Whenever there is a major 

- frequency shift (which means a significant VCO control voltage change), 
one way or the other, one diode or the other is switched on to short out 
R48 and discharge C85. This lets the PLL relock instantly; C85 recharges 
and the diodes become no factor in the circuit. 


- The lock detect output (pin 28) gives a strong series of pulses when the 
PLL is unlocked. When the PLL is locked, only a tiny sawtooth wave 
appears at pin 28. The “lock detect” voltage is watched by U5:B. If 
"unlock" pulses appear, they are integrated through R90 and C96 as a 

= fairly clean DC voltage charge built up in C96. If this charge causes U5B 
to swing low, bias is removed from Transmit Buffer Q10, preventing 
transmitter damage and unwanted emissions. 


- Stage H: The Diode Matrix and PLL Synthesizer Programmin 


There are two diode-matrix programming areas on the PC board. The 
obviously larger area is for frequency channel programming. The second 
- space is for offset programming added in by U7-U10. 


The 19 100K resistors at the frequency programming matrix and the 13 
100K resistors at the offset matrix are "pulldown resistors," to ensure 
- positive logic switching action of U6. 


Q15 and its associated switching diodes ensure that the desired offset is 
switched in during transmit, that offset programming does not interfere 

- when simplex is desired and that the offsets do not interfere with receiver 
operation ... and that receiver programming (21.4 MHz lower) does not 

interfere with transmit operation. 


A variety of techniques are possible for binary programming of U6's 16 
paralel inputs. We focus on the diode programming approach with some 
brief suggestions on externally-controlled switching. It is very intentional 
on our part to leave innovative programming schemes up to FX 

- transceiver users, because there's no single best way to do it for 
everybody. 
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There are several methods for quickly finding the required binary code 
for a particular frequency and its "N" number: 


1. Descending Subtraction (see Programming Worksheet) 
2. Printed reference lists (see Popular 440 MHz Frequency Pairs) 
3. Computer programs (see our sample BASIC program) 


We recommend strongly that you fully understand how to make the 
calculation yourself, because that is your ONLY means for checking the 
accuracy of printed information, computer programs or the operation of 
experimental programming circuits. Even though there are 16 matrix 
positions to program, there are some shortcuts to make the job easier for 
normal ham band operation. Consider the upper and lower band edges. 


FREQ. N= 932K >BINARY PROGRAMMING VALUES>4 2 1 
430.000 34,400 100001 1001100000 
450.000 36,000 100011 0010100000 


Notice the values of the highest 4 positions are the same throughout the 
band. We still must program in those four positions but we only need to 
calculate for the remaining 12 (2048 through 1) to program any 440 band 
frequency desired. 446.0 MHz is the national Simplex Calling Frequency 
and, also the demonstration and alignment standard for the FX-440 
model. "N" is quite easy to determine: 

446000 (KHz) 

"N" for 446.00 MHz = ————————- = 35,680 
12.5 (KHz) 


The placement of diodes in the Programmable Offset Matrix follows the 
same binary number principles as used for frequency programming. This 
matrix is connected to the 16 programming inputs of U6 through the four 
4 bit binary adders (U7-U10). Fewer programming positions are provided 
on the board simply because there is no practical use for extremely large 
or very tiny offsets. The 2 bit to 8K range provides plenty of flexibility for 
non-standard channel spacing. 


U7 through U10 are called "4 bit" binary adders because they each can 
handle four binary addition operations. For each bit, there are A and B 
inputs and one S (sum) output. Examine the schematic diagram closely, 
and you will see that all the frequency programming lines are connected 
to "A" inputs and all offset lines go to "B" inputs. Notice further that the 
binary positions of both matrixes correspond to each other exactly: the 
8K offset position goes to B1 of U7 and the 8K frequency programming 
position goes to A1. Their sum appears at S1 (pin 1) and goes to U6. And © 
so forth for all the other binary programming positions. 


The programming for receive mode and standard repeater offsets is 
silkscreened on the PC board itself. For the theory behind these 
positions, please refer to Assembly Stage H. The +RPT "N" numbers 
are calculated in the same way as for the Frequency Programming 
matrix. -RPT, RECV and other "minus" offsets are calculated by 
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Straightforward "2’s Complement" binary addition. See Stage H for 
examples. 


Stage M: Microphone Amplifier and PTT Circuit 


U4 is a LM324 quad op amp: two are used as a conventional microphone 
gain amplifier, and the other two are used in the PTT (push to talk) 
Circuit. 


Capacitor C83 couples micr one audio to U4A and isolates the audio 
(AC) from the PTT circuitry (DC). U4 is powered by a single + 8V supply 
through the use of a voltage divider network (R59, R40). The gain of the 
amplifier is established by the ratio of R56 to R58. A passive low pass 
filter is formed by R51 and C89. The B section of U4 and its associated 
components form an active low pass audio filter. The output’ of U4B is fed 

through C62 to modulate the VCO control voltage as explained in Stage 
E-F. Trimmer R46 adjusts modulation level. 


The purpose of Q11 is to shunt the microphone circuit straight to ground 
during receive, so that it cannot possibly disturb the VCO. An accessory 
-= modulation input is provided at PC board point "PL" for direct injection of 
DTMF or CTCSS tones, etc. 


The PTT circuit is designed to accommodate the popular ICOM 

- compatible speaker-mikes. Notice that a single line at J4 serves both 
audio and PTT functions. One shielded wire into the microphone handles 
THREE functions. First, we need to supply audio output from the 
microphone element to the amplifer. Secondly, we need some kind of 
PTT switching connection. Third, the electret microphone itself needs a 
- small amount of voltage to operate its internal FET source follower ' 
transistor. 


- Here’s how we do it with one mike line. Pushing the button simply 
- connects the microphone element to the line. About 2 volts through R60 
and R57 operate the microphone element which sends audio through 
C83 to U4A. PNP transistor Q12 senses the tiny current draw of the 
microphone element and switches the 8 volts at the emitter through to 
- the collector. To state it very simply, the output of U4 turns off PNP Q13 
which had been supplying 8 volts to all "+ 8R" points of the circuit. And 
the output of U4C switches on PNP Q14 to supply all "+ 8T" points. 
Zener diodes D11 and D12 assure positive action, that Q13 and Q14 are 
- fully on or fully off when the op amp outputs swing. Releasing the mike 
button instantly reverses the status of Q12, Q13 and Q14 to return to 
ae ae R70 limits the current drawn by "TX" indicator D17 toa 
safe level. 


The PTT circuit may also be activated at pin 3 of the Packet I/O jack. A 


direct short to ground is not necessary. The author noted very positive 
_ PTT action with resistance as high as 100K from pin 3 to ground. 
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Stage TX: Transmitter Buffer, Driver and Final 


The transmitter section, Q10, Q9 and Q8, is conventional UHF RF 
circuitry that has proven quite reliable in Ramsey FM transceivers. Just a 
few circuit notes are in order. 


Transistor Q10, the transmit buffer, amplifies the VCO output from C56 to 
about 10 milliwatts, quite sufficient for checking modulation and PLL 
alignment in transmit mode as soon as this stage is built. Operating bias 
is supplied by the PLL lock detect voltage from U5B through R110. If the 
PLL unlocks, Q10 does not operate, preventing the radiation of 
out-of-band signals. 


The MRF-559 Driver, Q9, amplifies the output of Q10 to drive Q8 to its 
full rated output. Q8, the popular MRF630 or its equivalent, has package 
characteristics which the user should grasp clearly. Through 
beryllium-oxide insulating technology, the emitter is common to the case. 
There is significantly better gain because there is no emitter lead length 
to speak of. The small device can handle large power dissipation IF the 
case is properly soldered to the ground plane of the PC board as detailed 
in the assembly instructions. So as not to compromise the gain efficiency 
g md a and B are SMT "chip capacitors" installed on the solder side 
of the board. 


The PIN T-R diodes D7, D6 and D2 are discussed in section DR. In brief, 
D7 passes RF to J3 during transmit while D2 and D6 protect the receiver 
RF input. The antenna input is designed for a 50 ohm resonant antenna. 
C84 and C74 are adjustable to peak RF output (2 to 4 watts). 
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Using the FX-series FM Transceiver Quick Reference 
Programming Guide: | 


- In addition to "pencil 4 paper math" calculation directions and also a 

handy computer BASIC program for programming the FX- series 
Transceiver for any frequency and transmit offset within its specified 
range, we provide this guide for binary programming of a variety of 
popular Repeater frequency pairs as well as some other frequencies of 
general interest. ALL binary programming data for 512 through 1 
presumes prior diode programming of higher level binary inputs which 
remain constant for the 440MHz amateur radio band: 


32K 16K 8K 4K 
1 0 0 0 


- You'll notice definite PATTERNS in the standard repeater frequency 


assignments and their binary equivalents. Look at these patterns up and 
down the programming input rows as well as across for any given 
frequency. If your application could use more than the 12 channels easily 
programmed for front panel switching, perhaps these patterns will give 

- you some good ideas for additional channel switching convenience. 
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FX-44 ick Program Referen 


Standard 440 MHz band repeater pairs and selected 
frequencies 


Program as follows: 

1. Install a diode at the 32K position. 

2. PLUS install diodes at 2K through 1 positions as needed per this 
Quick Reference Chart. For repeater channels, add the ’- RPT’ or | 
"+ RPT’ diode as needed. Simplex channels, add ’SIMP’ diode. 

3. A’1’ means to install a diode, ’0’ means NO diode. 

Receive frequency/ = Frequency (KHz) + 12.5 KHz 

Repeater output 


OOOONGO 00000 00000 OOOOO OOO0OO0OO DG20O000 


Frequency N 2K 1K 512 256128 64 32 16 8 4 2 1 
442.000 35,360 1 O 1 0 0 0 1 0 00 0 
442.025 35,362 1 0 1 0 0 0 1 0 0 0 1 
442.050 35,364 1 O 1 0 0 0 1 0 0 1 0 
442.075 35,366 1 0 1 0 0 0 1 O 0 1 1 
442.100 35,368 1 0 1 0 0 0 1 0 10 0 
442.125 35,370 1 O 1 0 0 0 1 O 10 1 
442.150 35,372 1 0 1 0 0 0 1 O 1 1 0 
442.175 35,374 1 0 1 0 0 0 1 0 1 1 1 
442.200 35,376 1.0 1 0 0 0 1 1 0 0 0 
442.225 35,378 1 0 1 0 001 1 001 
442.250 35,380 1 0 1 0 0 0 1 1 01 0 
442.275 35,382 1 O 1 0 0 0 1 101 1 
442.300 35,384 1 0 1: O O 0 1 1 100 
442.325 35,3886 1 O 1 0 0 0 1 1 10 1 
442.350 35,388 1 O 1 0 0 0 1 1 110 
442.375 35,390 1 O 1 0 0 0 1 1 111 
442.400 35,392 1 O 1 0 0 1 0 0 0 0 0 
442.425 35,394 1 0 1 0 0 1 0 0 00 1 
442.450 35,396 1 0 1 0 0 1 0 0 01 0 
442,475 35,398 1 O 1 0 0 1 0O 0 0 1 1 
442.500 35,400 1 0 1 0 0 1 0 0 1 0 0 
442.525 35,402 1 0 1 0 0 1 0O 0 10 1 
442.550 35,404 1 0 1 0 0 1 0 0 1 1 0 
442.575 35,406 1 0 1 0 0 1 0 0 1 1 1 
442.600 35,408 1 O 1 0 0 1 O 1 0 0 0 
442.625 35,410 1 O 1 0.010 1 0 0 1 
442.650 35,412 1 O 1 0 0 1 O 1 0 1 0 
442.675 35,414 1 0 1 0 O 1 0 1 O0 1 1 
442.700 35,416 1 0 1 O 0 1 0 1 100 
442.725 35,418 1 0 1 0 0 1 Q 1 1 0 1 
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Frequency N 2K_1K 512 256 1 


28 64 32 16 8 4 2 1 
444.950 35,596 1 0 1 1 0 O O 0 1 1 0 0 
444.975 35598 1 O 1 1 0 00 0 1 1 1 Q 
m | implex fr ncies: $ 
446.000 35,680 1 O 1 1 O 1 1 0 00 0 0 
446.100 35,688 1 0 1 1 O 1 1 0 10 0 0 
446.200 35,696 1 O 1 1 O 1 1 1 00 0 0 
m lar Packet fr nci 
431.025 34,482 0 1 1 O 1 0 1 1 001 0 
440.975 35,278 1 0 0 1 110 0 1 1 1 #0 
441.000 35,280 1 0 0 1 1 1 0 10000 
441.025 35282 1 0 0 1 1 1 0 1 00 1 0 
441.050 35,284 1 0 QO 1 1 1 0 1 01 0 0 
441.075 35,286 1 0 0 1 1 1 0 1 011 0 
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RAMSEY | FX-series Programming Worksheet 


To convert N from decimal to binary, simply TRY to subtract EACH of the 
16 binary values from N, always in descending order, always starting with 
32768 and always ending with 1. This process will always yield 16 YES or © 
NO answers, which will give you exact diode installation instructions. 


N = Freq in KHz divided by 12.5 KHz (or, Freq in MHz divided by .0125) 


Let’s try figuring out one now: We want to receive 446.000 MHz 
N = 446000+12.5 = 35,680 Now, convert to binary... 


poUDtracting trom N: Remainders & Doodles | 


> 


NO [YES [Position 


— LON 
00} OD) NS 
WO} clap 
MAlo 


13. Can you subtract 8? 
14. Can you subtract 4? 
15. Can you subtract 2? 


16. Can you subtract 1? | 


a) 
NO 


NN d 4 
D, Y ansmit pe 3 MHZ LO a than H : -H 
19. Will Transmit be 5 MHz HIGHER than Receive? | | |+ RPT 
Install diodes in YES positions only. 


See FX-series instruction book, Section H, for ham band shortcuts for 
32K through 1K programming positions. If an auxiliary split is needed or if 
you are not licensed to transmit in a band portion, do not install diodes in 
SIMP, + RPT or -RPT positions. 
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Using Computer BASIC as a Diode Matrix Programming Aid 


The following program was written to calculate the N value for the 2 
Meter version of this kit. It is reprinted here as a starting point for you to 
see and understand the logic process one would use in writing such a 
program for the 440 MHz band. The program is as CLEAR AND 
GENERIC as possible with no concern for programming efficiency or 
sophistication. Those who enjoy and understand programming in Basic 
Can dress it up to suit themselves. Or, they can write a program that 
satisfies their own standards. A major purpose of the deliberate simplicity 
is that the routine should run on virtually any computer using any version 
of Basic. If you follow the program flow, you'll see that it carries out in 
order the very same steps you would follow by hand in converting 
decimal to binary using the FX Programming Worksheet. You can use 
this same program for calculating nonstandard Transmitter Offsets. 


Program Notes: 
1. Install diodes ONLY in rows where "1" is indicated. 


2. If you prefer, "O's" can also be generated through the use of 
appropriate IF... THEN... ELSE lines. 


3. The "!" after 32768 is generated automatically by the computer, 
whether you type it in or not. 


4. Be VERY accurate in typing "<" and ">" or "=>" because they are 
critical to correct placement of 1's. 


5. The CLEAR instruction after screen printing is important; if it is 
omitted, AA, BB, CC, etc., will not be reset for checking the next 
frequency. 


6. Innovative computer programs to enhance enjoyment of the FX 
transceivers are encouraged; send them to your favorite ham or 
computer magazine, newsletter or BBS. 


7. LPRINT or equivalent Basic statements can be used to produce 
hard-copy printouts of frequency information you need. 


8. IMPORTANT: Before soldering ANY diodes in your FX-transceiver 
programming matrix per this program, CHECK AND VERIFY that 
your program is giving CORRECT results! COMPARE it to the 
samples in this book. 


NOTICE: 

Although this program has been tested on many Microsoft BASIC 
releases, including GW Basic, it is printed here solely as a convenience 
and is not integral to the Ramsey FX-440 operation. If you have trouble 
running the program, please get help from a local computer friend and 
not from the Ramsey factory - we're radio guys, not computer hackers! 
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Listing for Sample BASIC program: 


50 PRINT "Enter Receiver Frequency as 6 digits with NO decimal!" 
52 INPUT "For example: 146520. Enter here: ";F 

55, N = F/5 

60 PRINT "The FX146 or FX220 N number for binary conversion is ":N 
101 AA 
102 BB 
103 CC 
iv4 DD 
105 EE 
106 FF 
107 GG 
108 HH 
109 11 
110 JJ 
111 KK 
112 LL 
113 MM 
114 NN 
115 00 
116 PP 
200 IF 
205 IF 


O00000 o0o0oo0o000o00000 ©} 


=> 32768! THEN AA = 1 
> 32768! THEN NA 
206 IF < 32768! THEN NA 
210 IF => 16384 THEN BB = 1 

215 IF NA < 16384 THEN NB NA 

216 IF NA > 16384 THEN NB NA-16384 
220 IF NB => 8192 THEN CC 1 

225 IF NB < 8192 THEN NC = NB 

226 IF NB > 8192 THEN NC = NB-8192 
230 IF NC => 4096 THEN DD = 1 

235 IF NC > 4096 THEN ND = NC-4096 


236 IF NC < 4096 THEN ND 
240 IF ND => 2048 THEN EE = 1 Notice how the 


ZZZ n 08M om mon tb bt tow mn ou wb om mu 


z 

> 
nou 
z 


non ou 


zz 
Q 


245 IF ND > 2048 THEN NE = ND-2048 program lines 
246 IF ND < 2048 THEN NE = ND 

250 IF NE => 1024 THEN FF = 1 ask exactly the 
255 IF NE > 1024 THEN NF = NE-1024 same questions 
256 IF NE < 1024 THEN NF = NE about N and 

260 IF NF => 512 THEN GG = 1 h nd 

265 IF NF > 512 THEN NG = NF-512 the remainders 
266 IF NF < 512 THEN NG = NF after subtraction 


270 IF NG => 256 THEN HH = 1 


275 IF NG > 256 THEN NH = NG-256 Aare required 
276 IF NG < 256 THEN NH=NG for "Manual 

280 IF NH => 128 THEN II = 1 

285 IF NH > 128 THEN NI = NH-128 calculation SI. 
286 IF NH < 128 THEN NI=NH the Programming 
290 IF NI => 64 THEN JJ = 1 Worksheet. 

295 IF NI > 64 THEN NJ = NI-64 

296 IF NI < 64 THEN NJ = NI 


300 IF NJ => 32 THEN KK = 1 

305 IF NJ > 32 THEN NK = NJ-32 “4 
-306 IF NJ < 32 THEN NK = NJ 

310 IF NK => 16 THEN LLe 1 

315 IF NK > 16 THEN NL = NK-16 
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316 
320 
325 
326 
330 
335 
336 
340 
345 


346. 


347 
400 
405 
410 
415 
420 
425 
430 
435 
440 
445 
450 

455 
460 
465 
470 

475 


480 
481 
482 
485 
505 
510 
520 


IF NK < 16 THEN NL. 
IF NL => 8 THEN MM 
IF NL > 8 THEN NM = 
IF NL < 8 THEN NM = 
IF NM => 4 THEN NN 
IF NM > 4 THEN NX = 
IF NM < 4 THEN NX = 
IF NX > 2 THEN OO = 
IF NX = 2 THEN OO = 
IF NX = 3 THEN PP = 
IF NX = 1 THEN PP = 
PRINT "32768 - ";AA 
PRINT "16384 - "BB 
PRINT " 8192 - ";CC 
PRINT " 4096 - ":DD 
PRINT " 2048 - ":EE 
PRINT " 1024 - ";FF 
PRINT " 512 =- ":GG 
PRINT " 256 - ";HH 
PRINT " 128 - "sII 
PRINT " 64 - "JJ 
PRINT " 32 - ";KK 
PRINT " 16 - "SLL 
PRINT " 8 - ":MM 
PRINT " 4 - "¿NN 
PRINT " 2 - ":00 
PRINT " 1 - ":PP 
PRINT 

PRINT "------------- 
PRINT USING "##";AA, 
PRINT 

CLEAR 

GOTO 50 

END 


— 


Be sure to TEST 
program results 


before relying on 
it for diode 
placement. 


Here's an example of the screen display for the program as 
written, showing the results for an entry of "146865" and 
ready for the next frequency to be entered as 6 digits: 


For example: 
The FX146 or FX220 N number for binary conversion lia: 


32768 
16384 
8192 


146.52 MHz. = 146520. Enter here >>> ? 146865 


29373 


install programming diodes ONLY 
in positions where 1 is indicated. 


~ Om p ewe O Ma Om OOK O 


1 oo t b d 1 93 t § 4 ' || 1 1 


The Binary Equivalent of N looks like this: 


>>>» Enter Next Frequency for Programming: 


Enter 


For example: 


_ FX-440 


Receiver Frequency as 6 digits with NO decimal! 
146.52 MHz. = 146520. Enter here >>> ? 
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HOW TO ACTIVATE AN AUXILIARY OFFSET: 


1. Install NO diode in SIMP, -RPT or + RPT for the channel that gets a 
non-standard offset. 


2. Program the AUX matrix row for the desired offset, following our 
published instructions. 


3. Connect the channel row to the AUX matrix row by installing a diode 
as shown below. The cathode end is soldered to the diode 


programming bridge. In this example, Channel 3 uses the auxiliary 


0. 


offset: 


FRONT EDGE ————— 6 0 3 Í\ DIODE JUMPER FOR CHANNEL 3 


de 04 PER MARKINGS ON PC BOARD 
OF PC BOARD . 

———0 05 

———0 0 6 

—o 07 

———— 08 

————A4 09 

————o 010 

—————0 011 

———0 012 

4. You can connect as many of the channel rows as you wish in this 

manner, but remember that each would follow the same 
non-standard split you have programmed. Only one such split can 
be programmed in the AUX matrix row. It may be changed as 
needed. If more than one non-standard split is needed, you can 
either give up a standard split or devise your own way of switching 
in what you need. 


+ TX (+ RPT) OFFSETS 


+ TX offsets are programmed exactly like the Frequency Programming 
matrix. For example, for a 5 MHz offset: 


N= 5000 KHz + 12.5 KHz = 400 
Therefore install diodes at the 256, 128 and 16 positions. 


See Stage H for instructions and detailed examples. 


PROGRAMMING THE 'MINUS’ OFFSETS 


We showed the Plus offsets first to prepare you for the Minus offsets. 
The offsets are entered into the FX synthesizer through the binary 
adders, U7-10. Notice that we said adders and not subtractors, in binary 
there is ‘no such animal’ as a subtractor. We must use the technique 
known as ‘two’s complement addition’ which actually performs a 
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subtraction process! This may sound complicated, but it really isn't. We 
simply find 'N” as usual, take its ‘two's complement’ and program the 
result into the offset matrix. We'll show you three detailed examples: 


Don’t be alarmed. If all you need is the standard 440 MHz band offsets, 
just install the diodes in the offset matrix as clearly illustrated on your PC 
board. Understanding the following information is essential ONLY for 
those who need to program non-standard Minus or AUX offsets. 


First we need to understand some rules for binary addition: 
1)0+0=0 
2) 1+0=1 
3) 1+1=0 and CARRY 1 
Carrying is done from right to left 


EXAMPLE 1: -5 MHz TX Offset 


As for the +5 MHz offset, N= 5000+12.5 KHz = 400. However this is 
the last of Decimal numbers in this work. Well have to work with Binary 
numbers now. In brief, we set up the complement, or exact inverse of N 
in binary, and then add 1. This will give us our two's complement that is 
needed for programming into our offset matrix. 


Binary code for N = 400 
8192 4096 2048 1024 512 256 128 64 32 16 8 4 2 


0 0 0 0 0 11001 000 
Now, just INVERT all of the above ‘bits’: 
1 1 1 1 1 


O 0 110111 
Then, ADD 1: 
1 1 1 1 1 O 0111000 
This is our two’s complement value which we program into our offset 
matrix. You'll see these diodes in the position for - 5 MHz TX offset. 


. Even though it appears that we are adding a huge N number to the 
original transmitter frequency, the binary adders will follow the rules of 
Binary addition and provide the proper programming information to the 
PLL synthesizer. | 


EXAMPLE 2: RECEIVER OSCILLATOR FREQUENCY 


We know from previous circuit discussion that the PLL synthesizer must 
run 21.4 MHz lower when in receive mode. Two things must be done to 
do this; first, we switch varactor diode D3 to allow the VCO L-C circuitry 
to tune 21.4 MHz lower, and secondly, program in a *minus' 21.4 MHz 
- Offset to the synthesizer. This offset is permanently programmed into the 
matrix because the 21.4 MHz 1st IF is integral to the FX receiver design. 
Look closely at the Receive offset diode row and see why the diodes are 
installed the way they are. 
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N =21400 -12.5 KHz = 1,712 
Binary code for N=1,712 


8192 4096 2048 1024 512 256 128 64 32 16 8 4 2 
0 0 0 1 1 01 01 1000 
Met see this is the number programmed into the Receive offset matrix 
ine. 
EXAMPLE 3. TWO'S COMPLEMENT WITH CARRY 


For illustration purposes, we’ll pick an odd-ball offset such as 1.6 MHz. In 
this case N=1,600+12.5 KHz= 128. 


Binary code for N=128 
8192 4096 2048 1024 512 256 128 64 32 16 8 4 2 


0 0 0 0 0 O 1000000 
Invert all bits: 
1 1 


1 1 1 0111111 
Add 1: 1 
Sum at °?’ bit position, carry 1 10 
Sum at ’4’ bit position, carry 1 100 
Sum at '8' bit position, carry 1 1000 
Sum at 16 bit position, carry 1 10000 
Sum at “42 bit position, carry 1 100000 
Sum at 64’ bit position, carry 1 1000000 
Sum at ’128’, no carry needed 10000000 
Final result: 

1 1 1 1111000000 


BASICS OF EXTERNALLY-CONTROLLED FX-TRANSCEIVER 
FREQUENCY SWITCHING 


The 12 front panel switched channels, with never a need for a crystal will 
cover most applications generously. Yet many of us will want to figure out 
ways for easy frequency-programming of still more channels, especially if 
we do a lot of cross-country travel. Rather than endorse or illustrate any 
particular scheme, of which there are dozens if not hundreds, we provide 
here the most basic schematic information needed to set up any kind of 
auxiliary switching correctly. The principles and requirements remain the 
same whether you use DIP switches, toggle or slide switches, electronic 
latching or go all out to build the mother of all diode matrixes. Make sure 
whatever you build resembles electrically the diagram on page 40. 
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ime DO’s and DON'Ts of FX-Transceiver Add-Ons: 
. DO study and understand the basic switching diagram. 


“DO let your ingenuity run wild to come up with the neatest, most 


cost-effective scheme. 


. Please DON'T ask our technicians to talk you through your own idea. 


DON’T run switching cables across the VCO and Transmit RF side of 
the PC board. 


“Please DO submit successful frequency control ideas as articles for 


your favorite ham radio magazine. Your pay as author may.cover 
the cost of your transceiver! 


“Please DO mail or fax us your good ideas. 


. Please DON'T try out ANY modifications of the basic FX-Transceiver 


unless you already have it WORKING fine. 


TES: 
. DIP switches with diodes can be installed on/above the diode matrix 


itself for E-Z internal programing changes. 


- Any auxiliary programming device can be wired to a switched position 


on the FX- transceiver matrix as well as to the auxiliary points 
illustrated. 
"SPDT" switching may be devised to select offsets. 


- Programming Shortcuts are possible for ham-band operation. (See , 


text). 
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FX TRANSCEIVER EXTERNAL PROGRAMMING BASICS 


5 
FX-XCVR | 
PC BOARD | RIBBON 


CONNECTION | CABLE 


1N914/ SWITCH: 
1N4148 SPST 
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—"X-SERIES TRANSCEIVER GLOSSARY 


ihe following is a deliberately INFORMAL collection of: 


REIDA terms useful to know in understanding your FX- transceiver 

esign. 

- Acronyms (phrases expressed by first letters of words (example: PLL = 
Phased Locked Loop) 

` Selected Electronics-Industry “jargon" 


Any of these words or expressions might be used in this instruction 
manual or in conversation related to your FX- transceiver, either with 


-ther hams or with Ramsey technicians. These descriptions or notes for a 


ery few terms certainly are not an “electronics dictionary," but the 
author/compiler hopes that they might enhance your grasp of the 
concepts and language that he has seen as useful in building and using 
“nis transceiver. For more detail, PLEASE study the introductory part of 
ach assembly Stage. 


ADDER = Anybody who can add can be called an "adder." If we delegate such work to 
electronic devices, the most fundamental digital operation after being in a binary high or low 
an or off) state is to be able to find the sum of such states from two or more sources. pane 

JINARY ADDER performs this function. See also: BINARY. 


AFSK = “Audio Frequency Shift Keying." [SEE: “FSK"] In short, this is a very popular 


“form of data transmission 


\XIAL-LEAD = Wires stretch out from two opposite ends of a part instead of from one end, 
.@. along the “akis” of the body. For example: L20. 


_BA- = Manufacturer’s PREFIX for PIN-type diodes. 


t 
JASIC = “Basic.” We're talking about the one computer programming procedure that 
should make sense to ALL computer owners. If any further explanation is needed, visit a 
library or computer dealer. 


-3B- = Manufacturer’s PREFIX for VARACTOR diodes. 


3INARY = the number system based on the two values of 0 and 1. Here’s all the tables 
that we need to memorize: 
0+0=0 O+1=1 1+ 1 = 0, and carry 1 to next position. 


- 3ee also: DECIMAL. 


30ARD = Generally refers to "PC board" or “printed circuit board." 

BUFFER = An electronic circuit stage, a sort of “referee” that tells its input and output not 
D mess with each other. Think about such a task! It may also provide amplified output of 
he incoming signal. 


CASCADE, cascading = combining two or more identical circuit elements or éoriponénts 


for improved effectiveness. 


ARRIER -= Transmitted RF signal that is NOT “modulated.” It is a heard as a steady tone 
nN BFO-equipped receivers or as a powerful silence (i.e. over-riding all background noise or 
hiss) on FM receivers. 


“CW = see CW below. 


¿OR = “Carrier Operated Relay,” a switching circuit activated by the detection of a carrier 
signal in a receiving circuit. 
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"CW" = TWO common meanings in electronics: “Continuous Wave" for the communicating 
of morse code signals, or "Clockwise" to designate a point on a variable control. "CCW" 
therefore means “counterclockwise.” 


DECIMAL = in computer or programming context, "decimal" refers to counting by tens's, 
Our traditional way, in contrast to your computer’s binary (counting by 1’s and 0’s), or the 
hexadecimal system (counting by 16's.) See "N" and BINARY. 


DIP = “Dual Inline Package," referring to IC's and their sockets or any other component 
("DIP Switch," etc.). The "line" refers to rows of PC-board or perfboard holes that are 0.1" 
apart. "Dual" means two rows. Therefore “SIP” would mean a SINGLE row device. 


DISCRIMINATOR = FM terminology for “detector.” See: FM. 


DUAL-MODULUS = as in dual-modulus prescaler or divider: a circuit which divides a 
ee by two different ratios depending on pin selection For example: 64 or 65. (See: 
PRE- SCALE) 


FILTER-ACTIVE 

FILTERCERAMIC < 

FILTER-CRYSTAL Filters are used in DC, Audio and RF 
FILTER-HI-PASS Circuits. Understanding them is essential 
FILTER-LOW-PASS electronics know-how. 
FILTER-BANDPASS 

FILTER-PASSIVE 


FM (“Frequency Modulation") = Changing the transmitter frequency in exact pace with 
speech or sound variations. 


FREQUENCY SYNTHESIS = To "synthesize" anything is to create an imitation or 
simulation from something else. The "basic" ways for generating useful RF frequencies are 
a crystal oscillator or the LC oscillator where the frequency is determined by coil (L) and 
Capacitor (C). However we can process the output of an LC oscillator through digital 
Circuitry to simulate many different, precise crystal-like frequencies, using only one crystal 
as areference standard. See also PLL, PHASE DETECTOR, VCO. 


FSK = “Frequency Shift Keying." TRUE FSK actually moves the RF frequency 
(transmitted and received) from one pre-determined point to another, in contrast to "AFSK" 
(Audio Frequency Shift Keying") where the transmitted signal remains steady and all 
shifting is done by audio tones. 


GROUND-PLANE = ALL sections of a PC-board which are mechanically or electrically 
connected to DC and RF ground. In the Ramsey FX- design, almost ALL of the top or 
upper side (Component side) of the board is a groundplane. The term is also used in 
antenna design: if your 2M of 1.25M antenna has a vertical radiating element, plus four (or 
more) horizontal elements connected to RF ground, the horizontal elements are called a 
“groundplane." 


HIGH = In solid-state circuitry, to say a given device pin or circuit point is at a “logic high" 
is to say that it Shows a + supply voltage at that point. Switching to the opposite state 
(LOW) or back again for some specific purpose is a fundamental capability of the circuit. 
HOUSE-NUMBER = A part labeled for the exclusive use by a manufacturer. 


HYSTERESIS = the ability of an FM squelch circuit to remain open after being broken by a 
weak signal which fluctuates further. 


INPUT, INVERTING = see "Op Amp" 
INPUT, NON-INVERTING = see “Op Amp" 
I/O = acronym meaning “Input and Output" port or connection. 


JUMPER = Short, plain wire, soldered to interconnect points in a Circuit not otherwise 
connected by board traces or other wiring. 
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KEY, "to key" = to turn on a transmitter's carrier signal momentarily, whether by a 


telegraphy code key (the root of this very common radio jargon) or by a push-to-talk switch. 


LC = A tuned circuit made of inductor (L) and capacitor (C). 


LIMITER = The portion of an FM receiver circuit which chops off noise and AM (amplitude 


nodulation). It processes the IF signal so that only FM will be detected. 
LOCAL OSCILLATOR (LO) = An oscillator in a superhet receiver whose output is mixed 


with another signal such as antenna input. See SUPERHET. 


-OCK = The condition in a phased-locked-loop (PLL) in which all sections are working 


ogether as intended and designed. 

LOOP-FILTER = (See PLL). The output of a PLL phase detector is in the form of pulses. 
The frequency of those pulses depends on the reference frequency. The ree filter smooths 
Jut these pulses into a clean DC control voltage for the VCO. (See: VCO) —. 

LOW = indicates a logic level at or near zero volts. 

MATRIX = A methodical criss-crossing of many Connections. 

AC- = Prefix for parts made by Motorola, Inc. 


MIXER = A circuit section which gets two or more inputs and delivers a single output. The 


Output is equal to the sum of the input frequencies and also to the difference between them. 


AODULATION = See also: CW, FM. "Modulation" is simply the process of imposing 
ane on a Steady RF signal from an audio source such as voice, music or data (See: 
AFSK). 


AUTE = to turn off, to render silent. (See also SQUELCH) 


.1 = can be any number to solve in a classroom problem, but "N" is THE magic number 
(decimal) to understand in FX- binary frequency- programming. N = the frequency in KHz 
divided by 5 KHz 


a af \ 


IBFM = "Narrow-Band FM." 
NE- = prefix to transistors or |C’s made by Signetics, Inc. 
FFSET = The distance in KHz or MHz of the transmitted signal from the primary or 


ceived signal. The “TX Offset" may be higher or lower, depending on the repeater setup 
_” other application. 


OP-AMP = “Operational Amplifier," a high performance linear amplifier with an Inverting 


put, a Non- inverting Input and one Output. 


RIENT, orientation = Yes, the Orient is Marco Polo’s Far East where they build many FM 
radios and where we buy many common parts. When we ask you to "orient" a kit part one 
way or the other, we're just asking you to get it RIGHT — per all the “orientation” 
—istrations that we provide. 


ACKET = Rapid transmission of intelligible computer-generated data in groups or bursts». 
of a fixed length called "packets." 


™4ASE DETECTOR = In a frequency synthesizer, the phase detector compares the signal 
ym a reference oscillator to the signal from a programmable counter and sends a 
rected control voltage to the L-C section of a VCO. Thus, it can be considered a phase 
“corrector.” See also: VCO, PLL, VARACTOR. 


~ ATED-THROUGH = Refers to a style of PC-board manufacturing in which traces on both 
les of the board are interconnected by a coating of solder around the inside of each hole. 


POLARITY = Refers to the "+" and *-" sides of batteries, power supplies, power cables, 
electrolytic capacitors, etc. 
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PLL = "Phase-Locked-Loop,” a frequency gererator circuit in which a free running voltage 
controlled oscillator output is stabilized by frequency dividers and a phase detector which 
controls and corrects the voltage supplied to varactor diode(s) which determine oscillator 
frequency. 


"POT" = jargon for “potentiometer”, a variable resistor, either a panel control or a "mini" 
device on a PC board. 


PRESCALE, Prescaler = a circuit or device which divides an incoming frequency down to a 
se frequency so that it can be handled more easily by later digital counting Circuitry or 
vices. | 


PTT = “push to talk", referring to all switches and circuitry involved in turning a transmitter 
of and off from a switch usually built into a microphone. This switch may also be a relay or 
transistor in a packet TNC, etc. 


"PUFF" = No, not the magic dragon. It’s an easier way to say “picofarads” in the Ramsey 
warehouse and other hi-tech temples. 


QUADRATURE = Refers to the Phase Angle (90 degrees) considered by the FM 
discriminator or detector. ` 


REFERENCE FREQUENCY = a precise, known O crystal-controlled, compared 
with another frequency, as is done in a PLL circuit. See PHASE DETECTOR, PLL. 


RSSI = "Received Signal Strength Indicator," a function of the MC3335 IC and comparable 
circuits which permits MEASURING of the relative strength of a received signal. A few 
microamps of variation can be interpreted as DB (decibles) of signal strength. 


RX = Abbreviation for receive, receiver, receiving. [See: TX] 


SPEAKER-MIKE = speaker and microphone functions contained in the same physical 
housing, as in the design of simple home intercoms. For ham operators, this means that 
both speaker and microphone are in a microphone casing with separate plugs from a 
common cord. Since such accessories can use ANY style of plug for either mic or speaker 
function, Ramsey Electronics has adopted the PANA ICOM-<ompatible standard for the FX 
transceivers. 


SHIELD = The outer braid of audio or RF coaxial cable, or the metal case enclosing a coil 
or transformer.The metal case of a transceiver also performs an important RF shielding 
function. The shield blocks or protects a coil from the effect of nearby objects that would 
change its inductance. The shielding on cable prevents the inner wire from radiating (RF) or 
from picking up Stray radiation such as AC hum. 


SQUELCH = means literally, to subdue utterly or crushingly! In radio communication, 
usually VHF and UHF, squelch is the circuitry needed to subdue (mute) the background 
noise until a detected signal "breaks" the squelch. 


SUPERHET = Receiver design technique where the desired incoming signal is converted 
to an Intermediate Frequency (IF) for the bulk of the receiver's gain and bandpass 
characteristics. 


TOROID = A Style of making coils or inductors where the insulated wire is threaded 
("wound") around a metallic form shaped like a doughnut. This style of coil-making 
generally eliminates any need for additional shielding (See: SHIELD) which may be needed 
to make the coil’s inductance immune to the presence of other nearby components or 
objects with metallic content. 


TRIMMER = either a canario: or resistor, miniature and variable, intended to permit 
exact, final adjustment of circuit values. 


TX = Abbreviation for transmit, transmitter, transmitting. 
T-R = Abbreviation for “Transmit-Receive Switching", which can be accomplished by 


manual switches, relays or solid-state devices such as the PIN diodes used in the FX 
transceivers. an 
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= NLOCK, unlocked = refers to the condition in a PLL (phased-locked-loop) where one or 
ore elements of the loop become defective or incorrect, preventing the phase detector 
ym supplying the correct control voltage to the oscillator for the intended frequency of 
Operation. 


""ARACTOR = a diode whose capacitance can be varied in step with the amounty of DC 
ltage applied to it. The higher the voltage, the lower the Capacitance. See also VCO. 


VCO = “Voltage Controlled Oscillator," an oscillator whose frequency is varied by DC 
voltage applied to varactor diodes, which change capacitance in step with the voltage level. 


=NER DIODE = a diode designed to have a very specific reverse breakdown voltage. 
nis property makes the zener diode ideal for simple voltage regulators or precise voltage 
drop elements. | 
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FX- TROUBLESHOOTING GUIDE 


The FX- transceiver is designed to W-O-R-K with a minimum of 
adjustment or alignment. By imprinting the location and correct 
orientation of each component on the PC board itself in addition to 
publishing detailed assembly steps, we have virtually guaranteed the 
sierra operation of your transceiver from the moment you turn on the 
switch. 


A detailed guide to servicing a transceiver requiring so few internal 
adjustments is virtually pointless to compile. (lt would be like writing a 
troubleshooting guide to a jigsaw puzzle: “Make sure all peda parts are 
in the right place, and it will be a nice, complete puzzle. That's it!")  - 


The best assurance of trouble-free operation is to build, understand and 
test your transceiver in the stage-by-stage sequence presented in this 
book. If you chose to install all parts first and then test, and then 
encountered difficulty, we recommend that you compare your assembly 
work to the stage-by-stage steps: USE the double-check [| ] [ ] spaces. 


We simply MUST accept any malfunction to be caused by: 

e incorrect part selection 

e incorrect part orientation (diode or capacitor 
polarity, transistors, IC’s etc.) 

i e soldering error (missing connection, solder bridge) o 

omitted part 

e part damaged during assembly 

e part defective in manufacturing (extremely rare) 

e part damaged by incorrect installation of other part(s) 

e part breakdown after extended operation 

e defective external device or cable connected to the transceiver 
circuit board. 


The above possibilities may seem vague, but they cover what can go 
wrong in any multi-stage electronic device. For this reason, it is important 
for you to LEARN the FX circuit design in as much detail as possible, 
which is why both the schematic and assembly instructions are presented 
stage by stage. 


Trouble-shooting is a process that considers EVERYTHING possible, 
ESPECIALLY including every external device connected to the unit: 
e power supply | 
e ALL cables and connectors 
e microphone, speaker 
e antenna AND 
e ALL cables and connectors! 


If you are at all a about the binary piara mi ang of the "N" number, 
despite the detail of our explanations, be sure you set one channel up for 
446.000 Simplex before you pursue trouble-shooting. It is very important 
to have a clear understanding of how to program the frequency 
synthesizer and offset matrixes of your transceiver. 
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It's fairly easy to double-check "obvious" details such as IC orientation, 
diode polarity, electrolytic capacitor polarity, and those other construction 
essentials that we stress repeatedly. SOME of the more subtle assembly 
errors which take very careful checking to find include the following: 


[ ] Any use of 2N3904 where VHF 2SC2570 is required 

[ ] Use of NPN where PNP is required: Q12,Q13,Q14 

[ ] Mistaken use of .01 or .001 disc Capacitors where a small 
picofarad value is specified. 

[ ] Major error in selecting resistors with similar color codes, like 
100 ohm (brown-black-brown) used for 100K 
(brown-black-yellow), or vice-versa. 

_{ ] Reversal of the 8V and 5V voltage regulators 

| L14 or L12 ae the top groundplane. 

A single IC pin or IC socket pin bent under the plastic body of 
the device. 


Simple operational tests are discussed at the end of most of the 
assembly stages. Use these as a guide for tracing the circuit. If you make 
the effort to understand each of the small sections of the big picture, you 
should have no trouble in identifying the source of your problem. 


If tracing and repairing complex circuits is new to you, we urge you to 
retrace your assembly steps thoroughly. Take the extra time to really 
understand circuit functions that might have been hazy during the 
excitement of construction. Use basic LOGIC to narrow down the 
problem to a specific stage. 


If you ask a more experienced ham friend to look at your unit, it is up to 
you to be able to recognize whether this person has the know-how and 
proper equipment and tools to be of real help to you. Most hams really 
WANT to be helpful, but good intentions are no substitute for 
competence. (If your friend drags out the trusty soldering gun and big, 

_ rusty alligator clips, suggest a fishing trip or antenna-fixing party instead!) 


The best favor any friend can do for your kit project is to use the other 
set of the double check brackets [ ] [ ] provided throughout this book to 
= review the correctness of part choices. | 


Factory Service is, of course, available at prevailing shop rates. The 
hams at Ramsey enjoy providing kits to hams and hobbyists in addition 
to our Test and Measurement Division work, and we're sure that you 

- understand that our company is not a ham club, and that our 
professional technicians aren't volunteers. Assembled units returned for 
alignment will incur the repair fee even if they are correctly assembled. 


- For further details, see the RAMSEY KIT WARRANTY. 
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NOTE ON REPLACEMENT PARTS: 


If you lose or damage parts during assembly or testing, you may, of 


course, order any ne 


ed replacement parts by calling, writing or faxing 


the Ramsey Electronics, Inc. factory. Some of the more common parts 
may also be picked p at Radio Shack or other local parts distributors. 


Use EXACT values w 


en replacing parts. Following is a GENERAL guide 


to obtaining parts for your transceiver as quickly as possible: 


[A]: Radio Shack or local electronic parts distributor: 

Resistors, electrolytic capacitors, disc capacitors, common NPN or PNP 
transistors, zener diodes, switching diodes, voltage regulator (5V), 
hookup wire, LED, controls, antenna connector, replacement 1-amp 


fuses. 


[B]: Order from RAMSEY ELECTRONICS: Most RF and VHF transistors, 
coils, crystals, PIN diodes, varactor diodes, trimmers, filters and most IC 


chips. 


[C]: U1, U3 and U6 are Motorola devices and might be in stock at service 
shops featuring Motorola equipment. There are acceptable “standard 
replacements" for some of the semiconductors used in the transceiver. 
"SK" and "ECG" standard replacements are stocked by local electronics 
parts distributors or may be ordered through a Radio Shack store. The 
following chart should help you make the most cost-effective choice if 
replacement semiconductors are needed: 


Recommended source 


RE=Ramsey, RS= Radio Shack 


Part ID Type 

Q1, etc. 2N3904 | 

Q12,13,14 PNP 228256 

Q2, etc. 2SC2570 

Q3 NE02137 

Q9 MRF-559 

Q8 MRF-630 

Signal diodes 1N 4148 

D3,D23 BB405 

D2,D7 BA482 

D6 BA389 

D18 1N4002 

D11,D12 6.2 V zener 
R1 7808 

VR2 7805 

U1 MC3335 

U2 ~ LM380 

U3 UPB569 

U4 LM324 

U5 LM358 

U6 MC145152 
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RS 276-1617 

RS276-1604 or 2N3906 

ECG10, SK9139, 2N5179, or RE 
MRF901 or RE 

RE 

SD1444 or RE 

ne 4, RS276-1620 (pack of 50) 
R 

ECG553 or RE 

RE 


RS276-1102, 1N4003 
RS276-561 

ECG964, SK3630 or RE 
RS276-1770 

RE or Motorola 
ee. SK3328 or RE 
R 

RS276-1711 

ECG928, SK3691 or RE 
RE or Motorola 
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FX-440 MASTER COMPONENT INDEX 
The following pages were prepared to serve these purposes: 


1. A general cross-reference for circuit study and servicing; 

2. Additional help for parts sorting and identification; 

3. An accommodation for experienced builders who prefer to 
work out their own assembly sequences. (If you have ANY 
questions or doubt about a part, refer to the specified 
assembly steps and the schematic diagram.) 


Key to Component Index format: 


A. Part designator number (e.g., C1, Q12, Y2, etc.) 

B. [ ] [ ] (Experienced builders always double-check!) 

C. Part value or manufacturer identification 

D. Assembly step number (which also identifies general circuit 
stage per the schematic.) 

E. Component function note (or space for your own note.) 


K mbly step | r-number 


The letter code indicates the circuit stage(s) in the step-by-step assembly 
instructions. The numeral designates the specific step. If you have any 
question whatsoever about a particular part, please consult its assembly 
step. 


A: DC Power input 

B: Receiver audio amplifier 

CR: Receiver FM detector and squelch 

DR: Antenna input, T-R switching, filters, RF preamplifiers 
EF: VCO (Voltage Controlled Oscillator) 


G: PLL presa? Synthesizer 


H: Diode Matrix, Frequency Programming 
M: Microphone Amplifier and PTT 

TC: Transmit Coil and RF Choke Preparation 
TX: Transmit Buffer, Driver and RF Final 


1 
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PART VALUE or ID 
C: CAPACITORS, all types 


C1 [][] .001 
C2 .001 
C3 | | | | 001 
C4 001 
C5 [][] 01 
C6 [J] 1 
C7 10 uf elec 
C8 01 
C9 ~ 01 
C10 [][] 100 pf 
C11 [][] 100 pf 
C12 15 pf 
C13 | | | | o 
C14 .01 
C15 [][] 15 pf 
C16 [][] .1 uf 
C17 27 pf 
C13 | | | | 004 
C19 .01 
C20 [][] 2 pf 
C21 [][] 27 of 
C22 | | | | 10 pf 
C23 001 
C24 001 
C25 [][] 27 pf 
C26 [][] 3.9 pf 
C27 | | | | 2 pf 
C28 2 pf 
C29 330 uf elec. 
C30 []1[] 2 pf 
C31 []1[] 3.9 pf 
C32 | | | | 100 pf 
C33 01 
C34 470 uf, 6.3 VDC 
C35 [][] 100 of 
C36 [][] 01 
C37 01 
C38 | | | .001 
C39 10 pf 
C40 [][] 47 uf 
C41 [][ ] 1 
C42 1500 uf elec 
C43 001 
C44 100 
C45 [J] 100 
C46 [][] 100 pf 
C47 27 pf 
C48 01 
C49 not used 
C50 ][] 4 100 pf 
C51 [][] 8.2 pf 
C52 [J] [] 100 pf 
Ref. 50 


NOTE: 


See T1 


- Bandpass filter with L2,L6, etc. 


Couples VCO output to T1,U1 


VCO +DC filter with Q4 


DC input filtering 


RF coupling: antenna to RX 
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PART VALUE or ID STEP NOTE: 


C53 01 DR18 
C54 8.2 pf E4 
C55 01 TX27 
C56 27 of TX4 ` 
C57 1 F10 
C58 1 uf TX24 
C59 00 TX25 
C60 220 uf elec. TX23 
ce IIH] 001 Ma? 
1 7 
C63 27 of DR6 
ree 27 of TX30 
65 1 A17 
C66 | | 10 pf TX18 
C67 2.2 uf elec. G9 PLL loop filter network 
C68 01 G25 
C69 01 G24 
C70 | | | | 2.2 uf elec. G8 PLL loop filter network | 
on | | E o: San Low pass filter for RX and TX 
C73 22 pf SMT chip TX3a 
C74 20 pf trimmer TX28 TX driver output tuning 
C75A 22 pf SMT chip TX3a 
C75B 22 pf SMT chip TX3a 
ES 27 pf a 
001 4 
C78 | | 27 pf DR37 
C79 100 pf DR40 
C80 15 pf G4 
pap fs p trimmer mea PLL reference freq adjust 
p 
C83 .001 M2 
C84 | | | 20 pf timmer TX29 TX final output tuning 
C85 1 uf G36 PLL loop filter 
C86 001 M1 
C87 39 of G3 
C88 .001 M3 
C89 001 M15 
C90 2.2 uf elec. G11 PLL loop filter 
C91 .01 G26 
C92 2.2 uf elec. G12 PLL loop filter 
C93 | | ; 4.7 01 10 uf elec. M14 
C94 4.7 or 10 uf elec. A7 
C95 4.7 or 10 uf elec. A6 
C96 4.7 or 10 uf elec. G10 
C97 01 TX13 
C98 | | 01 G27 
C99 01 E17 
C100 4.7 or 10 uf elec. A11 
C101 01 CR25 
C102 01 CR15 
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PART VALUE or ID STEP 
D: DIODES (All Types): 


D1 BA482 PIN E15 
D2 BA482 PIN M34a 
D3 BB405 varactor E11 
D4 1N914 or 1N4148 DR17 
D5 1N914 or 1N4148 M38 
D6 BA389 PIN DR7 
D7 BA482 PIN M34b 
D8 1N914 or 1N4148 G37 
D9 [][] 1N914 or 1N4148 A18 
DIO [)[ ] 1N914 or 1N4148 G38 
D11 6.2V zener M31 
D12 6.2V zener M32 
D13 1N914 or 1N4148 H8a 
Di4 1N914 or 1N4148 H8b 
D15 1N914 or 1N4148 H7 
D16 1N914 or 1N4148 H9 
D17 L.E.D. M42 
D18 1N4002 A8 
D19 j | 1N914 or 1N4148 H6 
D20 not used 
D21 not used 
D22 1N914 or 1N4148 M36 
D23 BB405 varactor E10 
D24 [][] 1N914 or 1N4148 G39 
D25-Dx [ ] [ ]  1N914 or 1N4148 Stage H 
FL FILTERS: 
a | | 21.4 MHz. crystal CR32 
455 KHz. ceramic CR18 
J: JACKS: 
J1 [] [] 5-pin DIN A12 
J2 miniature 3.5mm. B15 
J3 i SO-239 TOS 
subminiature 2.5mm. M43 


L: INDUCTORS (Coils, Transformers, Chokes): 


LI [])[] 455 KHz. LB53303HK CR24 
L2 .015 uH DR28 
L3 .015 uH DR12 
L4 .015 UH DR15 
L5 [][] .015 uH DR26 
>) 

t6 [J][] 015 UH DR29 
L7 pinta’ on PC board E1 

L8 uH TX31 


L9 O18 uH with ferrite bead TX35 
LIO [][] 015 uH with ferrite bead TX33 
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NOTE: 


Shunts D3 with C39 in receive 
Grounds RX RF during transmit 
VCO LL circuit with D23 
Turns on D6 during receive 
Switches R31 at high VCO freq 


See ¿FR switch theory 

works with D10,C85 

see D8 

assures positive Switch by U4D 
U4C 

disables -RPT during receive 

turns on Q15 during receive 

disables +RPT during receive 


turns off offsets during Simplex 
Transmit indicator 


disables AUX offset for receive 


VCO L-C tuning 


Synthesizer Programming 


Receiver 1st IF 
Receiver 2nd IF 


Packet I/O 

Speaker connection 
Antenna 
Microphone 


FM quadrature adjust 
Q2 input filter 


VCO tank circuit with D3,D23 


Install AFTER alignment! 
Install AFTER alignment! 
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VALUE or ID 


.04 uH 

1.5 turn “%" dia. 
5T, Va" dia. 

1.5 turn 

printed on PC board 


printed on PC board 
2.2 UH 


015 uH with ferrite bead 
.015 uH with ferrite bead 
500 uH choke 


04 UH 

2.2 UH 

.015 UH 
.015 UH 
6T/2T toroid 


Q: TRANSISTORS (All types) 


iii 
iii 


2N3904 NPN 
NE021 NPN RF 
NE021 NPN RF 
2N3904 NPN 
not used 


2N3904 NPN 
NE021 NPN RF 
SD1444 or MRF630 
MR559 NPN RF 
25C2570 


2N3904 

PNP 2N3906 (228256) 
PNP 2N3906 (228256) 
PNP 2N3906 (228256) 
2N3904 | 
25C2570 

NE021 


NOTE: 


low pass with C71, C72 
4. 


See stage "TC" for winding 


Ignition hash filter 


VCO injection to U1 


Receiver ist IF amp 
Receiver RF preamp #2 
Receiver RF preamp #1 
VCO DC input filter 


Carrier detect switch 
VCO 
Transmit final amplifier 


Transmit driver 
Transmit buffer 


Grounds mic amp during receive 


PTT switching 

+8R PTT output 
+8T PTT output 
Offset matrix switching 
VCO buffer 


R: RESISTORS (Fixed, Trimmers and Pane+Mounted Controls): 


R1 


[] 
[] 
ma | 
[] 
[] 
[] 


|| 
|| 


| 
| 
[ 
[ 
[ 


] 
| 
] 
] 
] 


47K CR29 
470 CR28 
1K CR7 
33K CR4 
10K CR3 
220K CR26 
10K pot w/switch A2,B12 
10K CR27 
4.3 or 4.7 meg CR6 
270 ; DR33 
10K CR2 
100 DR22 
100K pot CR33 
47K DR32 
1K E16 
47K DR20 
270 DR21 


Sets hysterisis for U1 
Volume 


Squelch control 
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PART VALUE or ID STEP NOTE: 


R18 2 ohm E9 
R19 | | | | 1K E13b 
R20 100 F3 
R21 [] [ 470 DR13 
R22 | | | 22K E7 
R23 100 F4 
R24 10K CR5 
R25 [][] 47K E18 
R26 | | | ] not used 

R27 | not used 

R28 not used 

R29 not used 

R30 [][] 51 E6 
R31 [][] 47K M39 
R32 not used 

R33 | | | | 47K M40 
R34 51 TX12 
R35 [][] 100K E20 
R36 [][] 10K TX10 
R37 220K M13 
38 | | | | 10K de 
R39 47K M30 
R40 [][] 100K M26 
R41 | | [ ] 270 CR30 
R42 | | 2.2K A19 
R43 10K G28 
R44 22K G22 
R45 [][] 270 DR38 
R46 [][ ] 10K trimmer M19 Modulation level adj. (TX42) 
R47 10K G33 
R48 | | | 10K 635 
R49 10K M9b 
R50 | [ ] 10K M9a 
R51 [][] 47K M10 
R52 10K G29 
R53 | | | 22K G23 
R54 180 (1/2W) DR9 
RSS ] [ ] 10K G21 
R56 ] [ ] 47K M11 
R57 ; 2.2K M6 
E | | | Es Ms 
R59 100K M7 
R60 [][] 10K M23 
R61 [][] 2.2K M12 
R62 10K M24 
R63 470 M27 
R64 470 M28 
R65 [][{] 1K H4 
R66 [][] 47K ‘ DR39 
R67 10K H5 
R68 | 1K H1 
R69 1K H2 ‘ 
R70 [ 1K M41 ` 
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"PART VALUE or ID STEP NOTE: 


371 | | | 100K H22-H40 U6 counter input pulldowns 
172 100K j A ‘2 
R73 [][] 100K A È 

374 [ | | ] 100K H22-H40 U6 counter input pulldowns 
375 | a | | | 

376 | | a " i 

R77 a i] a 

R78 fit) * i 

379 [][] ' ' 

380 . . j 
Eoo oo 

R82 y E . 

383 [1[] * i i 
384 [][] ! E ' 

R85 LI a a 

ae | | i l : 

387 | | A : k 

2388 ] [ ] u u u 
R89 [][] " : : 

R90 10K G32 

3 | | | | 100K H11-H21 U6 counter input pulldowns 
as [11] * 

R94 [][] 7 ; ; 

R95 a a u 
IE 

297 n u a 
“ROB [][] * " " 

999 [][] " : " 

3100 a a u 

1101 A : ii 

R102 | | | | 10K G34 

R103 [][] 47K G30 

1104 [][] 10K G31 

1105 100 F14 

R106 | | | | 10K F13 

R107 10K M35 

R108 [ ] [ ] 6.8 ohm B5 

1109 [][] 47K B10 

4110 10K TX11 

R111 | | 4.7K M25 

R112 | | 4.7K M29 

1113 } [ ] 51 ohm CR36 

5114 [][] 1K H3 

R115 1K F8 

R116 | | | 100K H11-21 

1117 100K H11-21 

118 [ ] [ ] 10K CR27 

S: SWITCHES TP: Test Points (T1 listed with Inductors: "L") 

1 [](] A2 DC omoff on R7 (volume) 

ve [][] "H" 12 position Frequency selection 
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PART VALUE or ID STEP__ NOTE: 


TP1 F20,21 VCO control voltage 
TP2 F20 VCO output frequency 
TP3 F20 U3 prescaler output 


U: INTEGRATED CIRCUITS: 


At [][] MSA0304 F7 MMIC VCO Buffer 

U1 MC3335 CR1 FM dualconversion receiver 
U2 | | LM380 B1 Receiver audio amplifier 

U3 UPB569 F20 Dual-modulus + 64/65 prescaler 
U4 | | LM324 M17 Quad op amp: mic and PTT 
US LM358 G7 Dual op amp: see PLL theory 
U6 MC145152 G1,G40 PLL Frequency Synthesizer 
U7 | | | 74HC283 G13 4-bit high speed binary Adder 
U8 74HC283 G14 x 6 

U9 [][] 74HC283 G15 . a 

U10 [][] 74HC283 G16 ù j 


V: VOLTAGE REGULATORS: 


VR1 | | 7808 A9 +8VDC where needed 
VR2 7805 A10 +5VDC where needed 
Y: CRYSTALS: 

Y1 | 21.855 MHz CR23 Receiver IF oscillator 
Y2 12.80 MHz G2 PLL reference oscillator 
MISCELLANEOUS: 

3 [J] [] Cable ties General wiring 

3 440 x Ys” screw 

3 4-40 nut 

2 Solder lug 

4 Ferrite bead Used with L9,10,18,19 

1 Ye x 20 bolt For winding coils 
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The RAMSEY FX Transceiver Kit WARRANTY 


9ase read carefully BEFORE calling or writing in about your Kit. Most problems can be 
_lved WITHOUT contacting the Factory! i 
Notice that this is not a "fine print" warranty. We want you to understand your rights and 

rs too! All Ramsey kits will work if assembled properly. The very fact that your kit 

‘ludes this manual is your assurance that a team of knowledgeable people have 
__\d-tested several “copies” of this kit straight from the Ramsey inventory. If you need help, 
please read through the manual carefully: all information required to properly build and test 
your kit is contained within its pages! In particular, the FX Transceiver has been 
` cumented exhaustively. 


_ DEFECTIVE PARTS: It’s always easiest to blame a part for a leo in your kit. Before 
you conclude that a part may be bad, thoroughly check your work. Today's semiconductors 
and passive components have reach incredibly high reliability levels, and it’s sad to say that 
~ir human construction skills have not. Very rarely, a sour component might slip through. 
| our kit parts carry the Ramsey Electronics Warranty that they are free from defects for a 
ll (90) days form the date of purchase. Defective parts will be replaced at our expense. If 
Pie suspect a part to be defective, please mail it to our factory for testing and replacement. 
lease send only the defective part(s), NOT the entire kit. The part(s) MUST be returned to 
5 in suitable condition for testing. Please be aware that testing can usually determine if the 
irt was truely defective or damaged by assembly or usage. Don't be afraid to tell us that 
u TN it". We're all human: in most cases, replacement parts are very reasonably 
priced. 


° MISSING PARTS: Ramsey Electronics project kits are packed with pride in the U.S.A. If 
ju believe we packed an incorrect part or omitted a part clearly indicated in your assembly 
anual as supplied with the basic kit by Ramsey, please write or call us with information on 

‘tne part you need and proof of the kit purchase. Before assuming a part value is incorrect, 

check the parts list carefully to see if it is a critical value such as a specific coil or IC, or 

whether a range of values is Suitable (such as 100 to 500 ufd.). Often, common sense will 
ve a mysterious missing part eee If you are missing five 10K ohm resistors and find 
re extra 1K resistors, a simple VOM check will likely confirm that the "1K" resistors are 

“actually the “missing” 10K units. (Hmmm, | guess the red band really does look orange!”) 


2 FACTORY REPAIR OF ASSEMBLED KITS: To qualify for Ramsey Electronics factory 
pair, kits MUST: 

1. NOT be assembled with acid core solder or flux. 
2. NOT be modified in any manner. 
3. BE returned in ve assembled form, not partially assembled. 
4. BE accompained by payment of the proper repair fee. No repair will be begun 
until we have received the MINIMUM repair fee of $49.00, or authorization to 
charge it to your credit card account. 
5. INCLUDE a description of the problem and legible return address. Do not send 
a separate letter: include all correspondence with the unit. Please do not include 
your own hardware such as non-Ramsey cabinets, knobs, cables, external aaah 
packs, and the like. Ramsey Electronics reserves the right to refuse to repair AN 
item in which we find excessive problems or damage due to construction methods. 
To assist customers in such situations, Ramsey Electronics, Inc. reserves the right 
to solve their needs on a case-by-case basis without creating policy or eee 


ease understand that our technicians are not volunteers and that set-up, testing, 
agnosis, repair and paper work can easily take over two hours of paid e Wa KN time on | 
oven a simple problem. Understand too, that aligment is part of the kit building 
is not covered by this Warranty. Of course, it we find that a part was defective in oe 
manufacture, there will be no charge to repair your kit (But please realize that our 
chnicians know the difference between a defective part and parts burned out or damaged 
rough improper use or assembly.) 


4. REFUNDS: You are given ten (10) days to examine our products. If you are not satisfied, 
vou may return your unassembled kit with all parts and instructions and proof of purchase 
ı the factory for a full refund. The returned package should be packed securely. Insurance 
recommended. Please do not cause needless delays, read all information carefully. 
4wWMSEY ELECTRONICS, INC. 793 Canning Parkway, Victor, New York 14564 
Telephone 716-924-4560 Fax 716-924-4555 ! 
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RAMSEY] FX-440 UHF FM TRANSCEIVER 
“KIT ASSEMBLY PHASE 1: 


“Stage A: DC Power Regulation & Distribution 
Plus Packet Data I/O Connector 


- Stage B: Receiver Audio Amplifier 
Stage CR: Integrated Circuit FM Receiver 
; Stage DR: Receiver, Tuned RF Input and Preamp 
- Stage E-F: Transceiver VCO with Buffer Stages 


- Each set of Assembly Instructions is introduced by an 
explanation of how that part of the circuit works and what it 
is for. LEARN as you build! 


ALSO INCLUDED IN THIS SECTION: 
e Master Kit Parts List | 
e Important Information About Kit Parts and the 
Printed Circuit Board. 


C FX440. Ass 1 


TOOLS AND EQUIPMENT REQUIRED 
FOR CONSTRUCTION PLL 
SYNTHESIZER ALIGNMENT, & 
TRANSMITTER ADJUSTMENT 


[ ] Medium-heat (25 to 50 watt) soldering pencil 
with clean, tinned tip 
[ ] Damp sponge to keep soldering tip clean 
| Thin diameter ROSIN core solder 
Diagonal cutters or wire nippers 
| ] Wire strippers 
[ ] 


| Small pair of pliers 
ae screwdriver 
Ruler 
| Tweezers (to install SMT C73,75A, 75B) 
Non-metallic alignment tool 
[ ] Digital Voltmeter (DVM) 
| | 50-ohm Dummy Load (5-10 watt rating) 
VHF RF power output meter 


ALIGNMENT: A feature of the FX- design is that 
Synthesizer Alignment can be accomplished by 
listening carefully to a transmitted signal of known 
accuracy. To adjust trimmer capacitor C81 "by the 
numbers," use your Ramsey Frequency Counter or 
a digitally accurate UHF receiver with BFO. 


FX-440 Transceiver Assembly 
Phase 1: 
Circuit stages A through E-F 


Copyright 1992 

Ramsey Electronics, Inc. 
793 Canning Parkway 
Victor, New York 14564 
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FX-440 MASTER PARTS LIST 


Before beginning assembly, take some time to check and organize these 

kit components in such a way that you can find them easily and not lose 

any or confuse them. Leave parts supplied on tape strips in the strips 

- until you need them. The following headings also provide logical sorting 

categories. Popular methods for organizing parts include egg cartons, 

muffin tins, corrugated cardboard edges, or pressing the leads into a 
block of styrofoam. 


INTEGRATED IRCUIT 


N AOO 


[L] MC3335 20-pin DIP FM Receiver IC (U1) 
[-] -LM380 14-pin DIP Audio Amplifier IC (U2) [Do NOT use socket] 
ey ese 8-pin DIP divide-by 64/65 Prescaler(marked B569C) (U3) 
1] LM324 14-pin DIP Quad Op amp IC (U4) 
-[:] LM358 8-pin DIP Dual Op-amp IC (U5) 
napa 52 28-pin DIP PLL Synthesizer IC (U6) 
[eji 74HC283 16-pin high speed 4-bit Binary Adder (U7,U8,U9,U10) 
| [\.] 7808 8V voltage regulator [VR1] 
| PSA 5V voltage regulator [VR2] 
"TJ MSAO304 MMIC [A1] (black disc style in blister pack) 
TRANSISTORS: 
| ENP transistor, type 2N3904 or equivalent (Q1,Q4,Q6,Q11,Q15) 
J) PNP transistor, 2N3906-type [marked 228256] (Q12,Q13,Q14) 
[ J} NPN VHF type NE02137 (black disc style marked 021) 
— (Q2,Q3,Q7,Q17) 
[ ] NPN VHF type 2502570 (Q10,Q16)(Sort these carefully 
fromthe 5 type 2N3904 for Q1, etc.) 
| IRE NPN type MRF559 (transmit driver, Q9) 
1.4” RF NPN type MRF630 or SD1444 (transmit final, Q8). 


-h =h 


7 DIODES (Note color code descriptions CAREFULLY!): : 


1 [ Y LED (D17, transmit indicator) 

100+ [A 1N914 or 1N4148 switching diode (D4,D5,D8,D9,D10, 
l _ /,D13,D14,D15,D16,D19,D22,D24, {plus PLL matrix} 

2 Ly Varactor diode, type BB405 (D3, D23) [black body with white and 
"green bands] 
1 [] PIN diode, type BA389 (D6) 
-3 PLAN: diode, type BA482 (D1,D2,D7) [orange body, red band] 

1 | 1/1N4002 rectifier diode (D18) [largest black body, gold band] 

2 [.] 6.2V Zener diode (D11,D12) [gray body, black band] 
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CRYSTALS: 


1 [+] 12.80 MHz, has 2 leads (Y2, PLL reference frequency) 
1 [1] 21.855 MHz, has 2 leads (Y1, receiver IF oscillator) 
1 [)] 21.4 MHz crystal filter, has 3 leads (FL1, 1st IF filter) 


1 ['] 455 KHz. shielded inductor, marked LB53303HK (L1) 
11 4 Y ¿015 uH, 2 turns, .125" diameter (L2,3,4,5,6,9,10,18,19,23,24) 
1 Pre-wound donut shaped toroidal balun (T1 
1 [ ] 500 uH noise suppression choke (large style with black shrink 
tubing cover) (L20) 
.04 uh, 4 turns, .125” diameter (L11,L21) 


2 [y 

3 [| 2.2 uh. molded mini-inductors: markings include two red, 1 gold 
4 and 1 black band (L8,L17,L22 

1 [> A, “5 turn, .25" diameter, to be hand-wound in assembly (L13) 

2 [-] 1.5 turn, .25" diameter, to be hand-wound in assembly (L12,L14) 


SPECIALIZED COMPONENTS: 
1 | Y Ramsey FX-series Printed Circuit Board 

1 [wW] 455 KHz ceramic filter, molded cube, 3 pins (FL2) 
3 e L 22 pf SMT chip capacitor (C73,C75A,C75B) 
4 Finals hole ferrite beads (FB1,2,3, 4) 
1 [: 1 press-on heat sink for Q8 (HS-1) 


4 


INTERNAL ALIGNMENT COMPONENTS: 


1 [A], TOK trimmer potentiometers (marked 103) (R46) 
1 [WW 35 pf trimmer capacitor (black body with orange top) (C81) 
2 [\] 20 pf trimmer capacitor (white ceramic body) (C74,C84) 


K] 


ý Í 
ma 
K 


f (C20,C27,C28,C30) 

pf (C26, C31) 
or 5 pf (C71,72) (marked 4.7 or 5 or 4.7K or 5K) 
pf (C51,54) 

O pf H ,39,66) (marked 10 or 10K) 

pf (C12 C15, 80,C82) (marked 15 or 15K) 

pf (C17,21,25,47,56,63,64,76,78) (marked 27 or 27K) 
39 pf (C87) 
= A, He A e sia] 


-l l O AUNOU == 
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ADDITIONAL DISC CAPACITORS: 


18 [. ] .001 uf (may be marked .001, 102 or ae A 
(C1,2,3,4/6,23,24,38,43,57,59,61,62,77, 83 , 88, 89) 
20 [“ ] Oluf (may be marked .01, 103 or 10 nf 
Cing ihi 18 38 30 37.48.3885 58.90.91 97,9899 


5 DI 1 uf (may be marked .1 or 104) (C16,41,58,65,85) 


Woot 
bad 
æ 


AO 


“MLECTROLYTIG (Polariz APACITORS: 


4] 2.2 uf electrolytic (C67,C70,C90,C92) 

[x] 4.7 to 10 uf electrolytic (C7, C93,C94,C95,C96,C100) 
‘| 47 uf electrolytic (C40) 

| 220 uf electrolytic (C60) 

| 330 uf electrolytic (C29) 

470 uf, electrolytic (C34) 

] 1500 uf electrolytic (C42) 


= RESISTORS: 


[ ’ iy 2 ohm [red-black-gold] (R18,R108) 
[+] 51 ohm [green-brown-black] (R30,R34,R113) 
l: 4 100 ohm [brown-black-brown] (R12,R20,R23,R105) 
-380 ohm, 1/2 watt [brown-gray-brown] (R54) 
[-\}270 ohm [red-violet-brown] (R10,R15,R17,R41,R58) 
| “470 ohm ay -brown] (R2, R21, R63, R64) 
1K ohms brown: black-red] 
(R3,R15,R19,R65,R68,R69,R70,R114,R115) 
KI A 2K ohms red -red- -red] (R42,R57, R61) 
4.7K ohms [yellow-violet-red] (R111, R112) 
3 [.)-10K ohms [brown-black-orange] (R5,R8,R11, R24, 
R36,R38,R43,R47,R48,R49,R50, R52, R55, 
_-R60,R62,R67,R90,R1 02, R1 04, R1 06, R107, R110,R118) 
3 DA 22K ohms [red-red-orange] (R22, R44, R53) 
1 L | 33K ohms [orange-orange-orange] (R4) 


(R1, R14,R16,R25,R31,R33, R39, R51,R56, R66, R103, R109) 
35 [F 100K ohms [brown- black-yellow] 
(R35,R40,R59, R71-R89, R91-R101,R116,R117) 
2 [J 220K ohms [red- -red-yellow] (R6, R37) 
1 [ } ge 3 or 4.7 megohm pee anes or yellow-violet-green] 


R9) 


2 
3 
4 
1 
5 
4 
9 
3 
2 
2 


CONTROLS HARDWARE AND MISC. 


| 10K volume control potentiometer with switch (R7,S1) 
| a 1 100K squelch control potentiometer (R13) 
/ 12-position rotary switch (S2) 
i È AS mm. Jack, miniature (J2, speaker) 
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Í 

[ W 2.5 mm. Jack, subminiature (J4, microphone) 

y] 5 En female DIN PC-mount connector (J1, packet) 
SO-239 coaxial RF connector (J3) 
. sets of: 4-40 screw and nut (to mount J3 and VR1) 
¿| Ya x 20 bolt (to wind coils on for proper Spacing) 
‘solder lug (to secure and ground J3 to PC board) 
|: ferrite beads (used with L9,10,18,19) 

¡] wire cable ties 
|] 20 pin DIP IC socket (for U1) 

W 28 pin DIP IC socket (for U6) 
DC power cord with in-line fuseholder and 1A fuse 
“A/2" panel-mount strain relief for DC power cord 
Y length of No. 20 bus wire (to make diode matrix bridges and coils) © 
length of No. 28 enameled magnet wire to finish T1 
hookup wire, aS needed (may include 1,2, or 3 conductors) 
FX-440 assembly instruction manual 


REQUIRED, NOT SUPPLIED WITH KIT: 


[ ] Thin-diameter rosin-core solder 
[ ] Correct tools for all phases of assembly (see text) 
[ ] Microphone and speaker per Yi ecifications in text (J2,J4 and PTT 
circuit are designed for ICOM-type mike) 
[ ], Fused, 13.5 VDC power supply or battery 
50-ohm dummy load 
50-ohm 440 MHz antenna with PL259 or adapter 


OPTIONAL RECOMMENDED: 


[ ] Ramsey FXC Transceiver Case and Knob Kit 


IMPORTANT: For ale RF shielding and secure mounting of controls, 
connectors, and the PC board, immediate consideration must be given to 
the transceiver enclosure as an integral part of the assembly process. 
The FXC matching case set is a rugged (top and bottom units are steel, 

_ front and rear panels, aluminum), good looking (rich powder coated finish 
that resists scuffing and scratches) custom designed finishing touch for 
your transceiver. 
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VERY IMPORTANT PC BOARD ASSEMBLY INFORMATION 
FOR A-L-L OUR BUILDERS! 


1. Your FX- transceiver PC board is double-clad with plated- through 
holes. What this means in practice is that it is VERY important to select 
and install correct part values the FIRST time around. This type of board 
makes "desoldering" much more difficult and risky because the solder 
adheres inside the hole and flows to the component side of the board as 
well. It is VERY tricky to remove a part without damaging it. If too much 
de-soldering heat or component bah is used, there is also the 
serious risk of damaging small PC board traces. Be careful and 
methodical in assembly!!! 


2. Do not, under any circumstances, install L9 or L10 until instructed to 
do so in Assembly Stage "TX." This applies even if you are following 
your own assembly sequences. This procedure will prevent damage to 
Q9 and 08 during the initial test and alignment procedure. 


3. Do not attempt to "re-engineer" our transistor orientation illustrations. 
Simply point flat sides or tabs as illustrated. 


4. After installing all parts, you will see a few empty holes in the circuit 
traces on the top or component side of the board. These plated-through 
holes are placed intentionally to connect with traces on the solder side. 
The hole IS the connection! However, if these holes nag at you, simply fill 
them in with a touch of solder — AFTER verifying that all parts have been 
placed and installed correctly. 


5. Additional "empty" holes are marked on the PC board to allow for easy 
connection of accessories or modifications as you begin to customize 
your transceiver. See "GUIDE TO FX- CIRCUIT ACCESS POINTS." 


6. The purpose of DOUBLE check boxes [ ] [ ] in the assembly steps 
is to make it easy to re-check the accuracy of your work. Checking your 
work backwards usually reveals problems overlooked during assembly. 


7. Almost all resistors are mounted in vertical (upright) position. You can 
see that the wire leads for resistors come in several styles. If a resistor’s 
pre-trimmed lead is ever too short for upright installation, simply solder a 
scrap wire nipped from another resistor to extend its length. 


8. Some of the resistors and miniature inductors used in this project 
require upright or vertical installation. It is important to follow the 
orientation illustrated for vertically installed parts. Always put the body of 
the part in the hole with the circle! 


9. Whenever you have a choice, install parts with stamped markings so 
that you can still see the markings later. This will help greatly with any 
possible troubleshooting needed. 


10. PARTS SORTING: In a kit of this size and complexity, there is no 
single best way to sort and organize the 300+ individual components 
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used. We at the factory have tried to help by grouping similar or related 
pan in individual sealed bags. Sorting organizers popular among kit 

uilders include empty egg cartons, muffin tins, small box tops, or the 
corrugated edges of box cartons. Since the assembly of this kit is 
presented in distinct stages, some builders may prefer to group their 
parts by stage before beginning assembly. 


11. HELPFUL HINT: Many of ee lt are supplied on tape strips cut 
from bulk reels. Leave them taped, which keeps them nicely sorted for 
you. It is NOT necessary to pull the entire lengths of both leads from the 
tape. Simply nip the leads right at the edge of the tape, and you'll have 
plenty of length to work with. 


12. The .01 disc capacitors may be marked in any of the following ways: 
.01, 103 or 10n (nanofarads) 


13. Similarly, .001 ufd. discs may be marked: .001, 102 or in 
(nanofarads) 


14. The several .1 uf units required should be clearly recognizable, their 
markings may be .1 or 104. 


15. Small Picofarad values are clearly stamped on capacitor bodies. 100 
pf. units may be marked 100 or 101. 


16. We tried to make it clear in both lists and assembly steps that some 

components can have a RANGE of acceptable values, even though a 

single value is indicated on the schematic, the control document for this 
roject. A rule of thumb is that a value within 10% of the stated value will 
e fine: 2 or 2.2 pf, 4.7 or 5 pf, 200 or 220 ohm and so forth. 10 uf 


electrolytics may be 4.7 to 10 uf. Remember that there's a reason for the 


"tolerance" codes for all parts. Unless we scream in bold print that 
something must be exact down to the last micro- henry, ohm or partial 
picofarad, PLEASE assume the 10% rule in sorting through your kit 
parts! 


17. Manufacturer stamping patterns can vary, and we sometimes need 
to use simple logic and deduction to identify parts, particularly the 
extremely common ones. For example: if your kit includes 3 identical 
transistors with no apparent body marking at all, you may presume them 
to be the 3 PNP transistors described as 2N3906, 228256 or equivalent. 


18. Check your manual or kit package for any insert page advising that 
a part identification or physical description has changed. We cannot 
control how manufacturers may vary their product codes or colors of 
plastic. 


19. Observe correct POLARITY when installing all diodes and electrolytic 
capacitors! 


20. Please review No. 1 above! 


21. Use the extra spaces provided throughout this manual to write down 
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the details of any changes or revisions noted on additional sheets that 
may be supplied with your kit. 


22. You will be installing various wires for switches, controls and jacks 
very early in the assembly procedure. This is contrary te normal building 
or manufacturing practice but will permit progressive testing of completed 
stages. Follow the suggestion at the end of Stage CR for tying down 
these wires for protection and your convenience during further assembly 
work. 


23. Examine your FX- circuit board. Notice that the side with 
silkscreened parts outlines is covered almost completely by tinned copper 
or "foil." This is called a groundplane. This side is the Top or 
COMPONENT SIDE of the board. All parts (except SMT C73,75A,75B) 
will be mounted on this side. The other side has most of the printed ' 
circuit traces and is called the Bottom or CIRCUIT SIDE. 


Take your time, learn about what you’re doing and 
ENJOY your FM Transceiver project! 
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| A: 
DC Power input, Regulation and Distribution. Plus, 
_ Packet Radio I/O Connector (J1) 


ON/OFF +12V SOURCE +5V SOURCE 


F1 S1 L29 +12V 


FOV SOURCE 


+8V 


+12V 
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STAGE A: DC POWER INPUT REGULATION & 


DISTRIBUTION and PACKET RADIO I/O 
CONNECTOR (J1) 


The “power supply” for your FX- transceiver is, basically, any "12-volt* 
battery or well designed power supply operating from 120VAC or other 
source. In theory, all "12V" sources should provide pure DC voltage to 
your FX- transceiver DC input. In fact, there are many variations and 
imperfections in common "12VDC" sources, ranging from weak batteries, 
poorly filtered AC powered supplies, vehicle ignition noise, or just badly 
made power supplies. 


Stage "A" of your FX- Transceiver is designed to help your radio survive 
quite a wide variety of imperfections. It's not a "power supply” in itself, 
but it comes close, because it performs all the essential functions 
expected from a good solid-state DC source. Just add 12-15VDC froma 
battery, vehicle or bench supply. 


Much of the circuitry operates on the regulated 8 volts su ee by 

voltage regulator VR1. It you have already looked around the schematic 
diagram and also seen "+8R" or "+8T", these are points where the 
regulated 8V output is switched for Receive or Transmit by the PTT (push 
to talk) circuitry (Q12, U4c, U4d, Q13, Q14) which we'll discuss in more 
detail when it’s time to build it in Stage M. 


The Receiver IC (U1) and the digital frequency synthesis circuit is 
powered by +5 volts regulated by VR2. The op amps used in the circuit 
(U4 and U5) operate from this single supply through the use of voltage 
divider networks at the respective IC's. The full 12-15 volt input is 
supplied to the transmitter RF output section and to the receiver audio 


| amplifier (U2). 


= The large 1500 uf capacitor (C42) and inductor L20 are installed at the 


DC input to filter out ignition noise, etc. Fuse F1 is contained in the 


| power cord and the DC power switch is integral to the volume control. 
| The DC negative (black) wire is soldered directly to the PC board ground 


plane. 


_ The Packet Connector 


The Packet I/O Jack (J1) is not a "stage" or section of your transceiver in 
itself. It is simply a convenient “port,” to use computer terminology, 


- which gives a packet TNC (terminal node controller) convenient access to 


the microphone and receiver audio circuits. We'll install J1 and its 
associated bypass capacitors at the beginning - because now is as good 
a time as any, and it gets some parts on your PC board quickly and 
easily! Also, having J1 in place will give a little extra protection to other 
parts when you are working on the solder-side of the board. 
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ABOUT THE WIRE SUPPLIED WITH YOUR KIT: 


Your kit parts include lengths of wire for making all needed connections 
from the PC board to the controls and jacks. Because there is nothing 
Critical in the functions of these wires, the color and style of wire lengths 
actually packed in your kit may vary. You may receive lengths of 2 or 3 
conductor wire (such as speaker cable or ribbon cable) or a supply of 
simple single conductor hookup wire. Use the heavier gauge wire for the 
power supply connections in the following steps, saving the lighter gauge 
wire for jacks and controls. The bare wire is used for constructing the 
diode matrix for frequency programming and also for making a few coils. 
The piece of thin, enameled " ma i wire is to be woe on the small 
"toroid" coil in Assembly Stage " 


"TINNING" is the process of heating the stripped end of a wire and 
LIGHTLY flowing solder so that all strands are bonded together. This 
practice, while not essential, generally makes for easier soldering and 
physically stronger connections. 


BROKEN WIRES are the primary cause of malfunctions in ham 
equipment and computers! Please follow our instructions in Stage CR 


(PAGE 27) for securing completed cables to the PC board temporarily so | 


the connections will not get damaged during further assembly. 


IMPORTANT NOTE REGARDING FLEXING WIRES: In Stages A, B, CR, 
and M, you will install numerous wires from the PC board for panel 
controls and jacks. Repeated flipping of the board during assembly can 
damage these wires and also become very annoying during kit assembly. 
PLEASE tie the wires down as noted on page 27, using one of the cable 
ties provided. 
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- ASSI MBLY STEPS 
1 y iy AL. Strip 1/8" of insulation from the heavier-gauge black wire, 


insert and solder in the GROUND hole. This connection may be 
soldered on the TOP side of the board as well as the solder side. 


[W Tw ‘A2. Strip 1/8" of insulation from the in-line fuse wire and solder it 
to one of the S1 switch lugs of the volume control (R7). The switch 
lugs are the two outermost lugs of the 5 lugs. 


FUSE 
VOLUME 


PWR 


i Strip 1/8" of insulation from each end of the heaviest gauge 
l 1 conductor wire remaining in your kit. Solder one end to the 
ar switch lug on R7 and the other end to the PWR point on the 
PC board. MAKE SURE that ALL strands of this wire are neatly 
inserted and soldered in the hole. Any stray strand will cause a 
Be short when it touches the ground plane. 


$ AY as, Install L20, the 500 uH noise filter inductor. It is the large 
f * cylinder shaped component with wires coming from each end. 


C i} 45. Install C42, 1500 uf, the first (and largest!) of the electrolytic 
Capacitors. The (+) side must be oriented as imprinted on your 
board, toward L20. 


Aine Install C95, a 4.7 to 10 uf electrolytic 


ae ] A7. Install C94, another 4.7 to 10 uf electrolytic. Observe correct 
_polarity for all electrolytic capacitors. 


[7] AV A8a. Select D18, the 1N4002, the largest of the diodes used in 
your kit. It has a black body with a gold band on one end. Notice 
the band towards one end designating the cathode. This diode 
MUST be installed with its ANODE in the ground hole nearest the 
back of the PC board. Solder the anode end now, letting the diode 
body stand vertically on the board. 


[1 Ab. Gently bend the cathode wire into its hole, pull it through so 
that it is as short as possible with the diode standing vertically. 
Solder and trim excess wire. NOTE: this is the basic method for 

y installing all upright parts. 


[MA el ‘Aga. Voltage Regulator VR1 (type 7808 for 8 volts) is mounted 
- + with its metallic back flat against the ground plane, secured by the 
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small machine screw and nut supplied. Identify VR1 correctly 
without mixing it up with its 5-volt counterpart (VR2). 


MIA e A9b. Insert the 3 VR1 leads into the triangular set of holes while 
gently bending the body back towards the board so that the 
mounting holes line up. Secure VR1 to the board with the screw 

A and nut. After VR1 is mounted flat, solder and nip the 3 leads. 


N] M A10. Study the PC board, locate the triangular set of 3 holes for 
VR2 (type 7805), and insert VR2 so that the flat metal tab side is 
toward the center of the board. Press VR2 in as far as it will go, 
„Solder and trim. 


ri A11. Near VR2, install C100, a 4.7 or 10 uf electrolytic, oriented 
for correct polarity. 


Stage A PROGRESS TEST: 


The power input circuitry is completed and can be tested before 
proceeding. Perform the test as follows: 


[ yí Make sure a 1 amp fuse is installed in the fuse holder. 


[7] 2. Connect the fused (+) and black (-) wires to a 12-volt battery or 
/power supply (12-15 volts DC). 


[\J 3. Connect the black (-) lead of a DC voltmeter or VOM to the ground 
_ Plane of the PC board. 


[ y 4, Study the PC board and locate the three points marked 
+ 12V, +8V and +5V. (These connections are provided for 
_£onvenience in later modifying or experimenting.) 

LA 5. With the power switch turned on, you should get 
meter readings of +12V, +8V, and +5V respectively. (If your 
meter probe does not have a fine enough point to make solid 

-~ contact inside the holes at these 3 points, simply study the 

multi-color PC board illustration and look for +12, +8 and +5 
volts DC on PC board traces that lead to the 3 voltage points.) 


an 


[Y 6. After you are satisfied that the pouer input circuitry is working 
correctly, disconnect the 12 volt 


source. 


A 
[MA [VW A12. Press J1, the Packet I/O DIN connector into 
osition. Before soldering, make sure that the bottom of the jack 
is perfectly flat against the board. It is best to solder only the 
middle pin first, check for straightness, and then solder the other 
4 or 6 points. (DIN jack styles may vary; your jack may have 
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A 


simply the 5 connector pins, or 2 extra pins for mechanical 
stability. Either style fits your PC board.) 


Directions or installing hardware or unusal parts often require extra 
written detail. You’ve just been through a lot of that in this stage. The 
following steps are more typical of how many upcoming installation | 
eects will be given: 


e he 

A WI A13. Install C2, .001 uf disc capacitor. It may be marked .001 or 
1 nf or 102. (102 means a one, a zero and two zeros which 
equals: 1000 pf. 1000 pf is the same as .001 uf. This notation 
(102) is similar to the resistor color code to indicate resistance 

/ yaus 


A14., Install C3, .001 uf | 
IV WAE Install C4, .001 uf 


| IA! y /A16. Install C1, .001 uf (Don’t confuse with c65). 


wel 17. Install C65, .1 uf. It may be marked .1 or 104. (As above, 
104 means a one, a zero and four zeros = 100,000 pf which is 
the same as .1 uf) (On the schematic, C65 is located near J4 and 

Y U4 and couples packet audio to the microphone input line.) 
[A oF A18a. Select D9, one of the many 1N914 or 1N4148 switching 
diodes used in the circuit. Don’t confuse these diodes with the 

smaller PIN and varactor diodes used in later stages. Notice the 
dark band at one end designating the cathode and notice how the 
cathode end is imprinted right on the PC board. 


wal [ Y A18D. Install D9. 


\ 


IAE A19. Install R42, 2.2K (red- -red- -red). This is an "upright" 


installation like D18, already ‘installed. Almost all resistors will be 
installed this way. 


Like C65, R42 and D9 are shown near J4 on the schematic and complete 


“the External PTT connection between U4 and J1. No testing of the 


Packet components is required, but make sure all parts values are 
correct and that D9 is oriented correctly. 
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B: 


Receiver Audio Amplifier 


The secret to the fine performance of the LM380 audio amplifier lies in 
careful selection and physical positioning of the several external 
components required to complete its circuit. The LM380 is a self 
contained general purpose audio amplifier capable of over 2 watts. audio 
output with a voltage gain of 50. Audio from the FM discriminator (U1) is 

- fed through C7 through the 10K volume control (R7) to pin 2, the 
amplifier input. The amplified output at pin 8 is available through C34 to 
both the speaker jack and pin 4 of the Packet I/O Jack. Capacitor C41 in 
series with R108 across this amplified output are recommended good 
practice to prevent self-oscillation of the amplifier IC. 


Pin 1 is bypassed to ground through C48 in normal operation. If pin 1 is 
grounded directly, the internal bias of the LM380 is upset, and the 
amplifier is silenced. We are able to put this characteristic to practical 
use, using Q6 as a simple switch. When 8 volts is applied through R107 
and D22 to the base of Q6, the transistor collector grounds pin 1 of U2, 
thus silencing the receiver during transmit. The COR output of U1 (pin 
10) also mutes the amplifier, a feature which well discuss in the context 
of Stage CR. - 


LM380 Audio Amplifier IC 


BYPASS 


+ INPUT 


GND 


Assm. 16 FX-440 


B: 


Receiver Audio Amplifier and Speaker Connection 


TO C7 
5 
x 
+53 VOLUME 
a 
TO J1 L 
+12V 
C29 
pill U2, |: 33eur> 
= + 470UF 
~ = $ 
og% Ta |380 = IR SPEAKER 
ren o |_ 65 C34 oF3 
i J2 
= 1 © t 
ABAS E = ee: 
o Q6 j 
R24 (> 48 C41 
TO Ut 
10K je KA | 
o 
« AUDIO “AMP 


SPEAKER of pH Ca CSD) ON PWR 


E) o 
z.: GND O 

O +12V 

O +8V 
VOLUME 
GND O 
OUTO 

IN 


Lo] 
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AUDIO AMPLIFIER CIRCUIT ASSEMBLY: 
Some of the Stage "A" steps required more detailed explanation than 
simply inserting and soldering parts. As we move along, there will be 


more and more short “one liners"! The following steps will complete a 
working audio amplifier ready to power up and test. 


[] BI. Install U2, the LM380 IC. Be sure to orient the 
dotted or banded end as illustrated. (The use of a DIP socket for 
U2 is NOT recommended, even if you use sockets for the other 
IC’s. Notice that most of U2’s pins are soldered to the PC board 
ground plane. This provides heat sinking to the IC chip for proper 
heat dissipation.) 
e 

[ ] [4 B2. Install C48, .01 uf (marked .01 or 103). 

[ ] [IM B3. Install C33, .01 uf. 

[ ] [4-B4. Install C41, .1 uf (marked .1 or 104). . 

[ ] 14 B5. Install R108, 2 ohms (red-black-gola). 


] [11-86. Install C34, 470 uf. electrolytic. Watch out for correct 
polarity. 


| MA B7. Similarly, install C29, 330 uf. electrolytic. 
] [M B8: Install C37, .01 uf. 


A a] 


] [IM B9. Install NPN transistor Q6. Be sure to have identified it 
correctly as one of the five 2N3904 transistors used in your kit, 
(NOT the three 25C2570 RF transistors) and be sure to orient the 
flat side as illustrated. Before soldering, press the transistor as far 
into its 3 holes as reasonably possible. 

] [\}/’B10. Install R109, 47K (yellow-violet-orange). Note that this is 

“another of numerous VERTICAL installations of resistors. The 

; body ‘of such resistors should be snug against the board at the 
| designated hole, with the other wire neatly looped into the other 
| hole without needless excess. 


p 


aat i 


[ ] | B11. Cut three 8" lengths of hookup wire (or 8" of 3 conductor f 
wire) to connect the Volume Control to the three points designated 
on the PC board. Strip and tin all six ends, referring back to Stage 
A instructions if necessary (assembly page 12). 


[ ] M Bi2. Refer to the following drawing and correctly interconnect 
de Volume Control's three lugs to the 3 connecting points on the 
PC board. 
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B WPA Use two 12" lengths of hookup wire (or 8" of 2 conductor 
~ wire) to pre e the Speaker Cable. Neatly strip and tin all 4 ends 
as in Step 


[J] [7 B14. Solder both wires of one end of this speaker cable to the 
two marked points near C37. 


[][ Nail 5. The other two ends of the speaker cable may be connected 
in any of the following ways: 


[- 1 lo J2, the 3.5 mm miniature speaker jack. The 3.5mm miniature jack 
is the larger of the two miniature jacks supplied with your kit. 


SPEAKER JACK 


OUT 


_ Optional: — il GND 
[ ] to a test speaker, temporarily or 


_ [ ] to a speaker intended for regular use inside or along with your FX- 
Transceiver. 


[ ] [4}-B16. Solder the speaker cable to your choice of 
speaker. Give attention to the polarity marks on most bare 
speakers as well as enclosed units. The wire from the point 
marked SPKR should be connected to the speaker terminal 
marked (+). 


Stage B: AUDIO AMPLIFIER TEST: 


1. Reconnect 12 volts DC as done for testing the peer input GEUN in 
stage A. (We assume speaker hookup per 


_ 2. Turn on power switch S1. All you should hear is one gentle “pop” in 
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the speaker. There should be no hiss or whistle. Touch the center 
terminal of the volume control, and you should hear a moderate 
AC hum. If you wish, connect a test oscillator or line-level audio 
source to the input line to the control. You should hear a 
generous level of good quality audio sound. 


3. Disconnect DC Power before proceeding with assembly. 


4. The volume control, speaker and other wired connections are installed 
quite early in the assembly sequence so that tests can be 
performed periodically during assembly. The disadvantage to this 
approach is that there is considerable wear and strain on the 
various wire connections as the PC board is repeatedly flipped 
back and forth during assembly. This is a serious consideration 
because most radio malfunctions are due to broken wires and not 

- component failure. For this reason, such wiring is usually done at 
the final stage of assembly. To minimize damage to the controls 
and wiring, use one of the supplied wire cable ties, a plastic bag 

- tie or a scrap piece of hook-up wire to hold down this group of 
wires temporarily. A convenient point is to op your tie through 
one of the PC board mounting holes near U10. 
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FM Receiver IC Circuit 
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| CR: 
Integrated FM RECEIVER (with Squelch Control) 


This step is named "CR" so that the assembly step numbers do not 
resemble designator numbers for capacitors. 


To fully appreciate the marvel of U1, the MC3335 FM Receiver IC, one 
would need to study the schematic diagram of ANY FM receiver more 
than 15-20 years old, including fully "solid-state" models. The MC3335 IC 
is truly a "Receiver-on-a-Chip.” The cluster of parts to assemble and 
understand around U1 is minimal in comparison to what was previously 
required for a quality FM receiver circuit. 


For years, Ramsey Electronics has employed a similar IC, the MC3359 as 
the heart of our popular FM receivers for the 10, 6, 2 and 1.25 Meter 
bands. We adopted the MC3335 IC for the FX-series because of its 
features especially suited for state-of-the-art FM voice and digital 
communications requirements. 


The MC3335 is a complete FM narrowband receiver from antenna input 
(pins 1,20) to audio preamp output (pin 12). The low voltage dual 
conversion design results in low power drain, excellent sensitivity and 
good image rejection in narrowband voice and data link applications. The 
FX-440 implementation of this IC yields increased image rejection by 
using a 21.4 MHz first IF rather than the traditional 10.7 MHz. A precision 
2-pole crystal filter (FL1) is used for the 21.4 MHz first IF. 


The receiver IC is so complete that it includes an internal local oscillator 
requiring only a crystal across pins 18 and 19 to establish the basic 
operating frequency. However, our design injects the output of the 
transceiver's PLL-controlled VCO through T1 to pins 18 and 19. The 
differential drive achieved by T1, similar to a "push-pull" circuit, gives 
superior performance. The VCO output to pins 18 and 19 are mixed with 
the RF input from the antenna circuitry to pins 1 and 20. 


The first mixer amplifies the signal and converts this RF input to 21.4 
MHz. For increased gain, this IF signal is amplified by Q1 before going to 
the second internal mixer via pin 16, where the 2nd IF frequency of 455 
KHz is achieved by mixing with the 21.855 MHz oscillator. The oscillator 
circuit is internal to U1; the crystal is Y1, 21.855 MHz. 


The 455 KHz second IF output (pin 4) requires filtering. A 6 pole ceramic 
IF filter block is used for this purpose. Virtually all FM radio receivers now 
make use of such filters due to their small size and that they never 
require tuning. 


Let's summarize the basic "double-conversion” principle for receivers, 
using the national 440 MHz band simplex channel, 446.00 MHz as our 
working example: , 


1. An antenna could be connected directly to pin 20 of U1, and our 
receiver-on-a-chip would indeed WORK. The antenna would bring in our 
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theoretical test signal of 446.00 MHz as well as EVERY other signal in 
the radio spectrum. Since that’s a bit much to expect the receiver to 
handle, we will build up that network of filters, tuned circuits and RF 
preamplifiers that constitutes Stage "DR" of this project. The purpose of 
the "DR" circuitry is to filter out or at least diminish other signals while 
boosting signals in the 440 MHz region. 


2. The First IF converts the incoming 446.00 MHz signal down to 21.4 
MHz. In order to do this job, the IC’s 1st IF Mixer needs ANOTHER 

- frequency source to mix with the signal presented by the antenna 
through the filters and preamps of Stage DR. This other signal must be 
VERY precise since the mixer output is fed into a very sharp crystal filter 
at 21.40 MHz. Specifically, the 1st IF mixer seeks a second signal that is 


-= 446.00 - 21.40 = 424.60 MHz. 


3. Supplying the needed 424.60 MHz *local-oscillator” input signal is the 
job of the tuneable or programmable oscillator section of any receiver, 

- whether AM-FM-SSB, HF or VHF, etc. In this case, take it on faith that 

the VCO (Stage F), controlled by the PLL Frequency Synthesizer (Stage 

H) will deliver the precise 424.60 MHz local oscillator signal needed by 

U1’s 1st IF Mixer. The VCO signal is applied to pins 18 and 19 in a 

"push-pull" effect through T1. 


4. No matter what we tuned in, the 1st IF Mixer section of U1 delivers the 
incoming signal at 21.4 MHz to the next section of U1. This next section 
wants to do yet ANOTHER frequency conversion! Which is where we get 
the ideas of “dual-conversion" and "2nd IF." This time, though, no more 
"variable" input is expected from beyond the FM IC's basic functions. 
Crystal Y1, 21.855 MHz, completes another internal oscillator. Its output 
is mixed with the steady 21.4 MHz signal from the 1st IF Mixer, and we 
can start to see the whole picture: | 


446.00 - 424.60 = 21.400 MHz 
21.855 - 21.400 = 455 KHz 


5. The 446.00 MHz signal at the antenna has gone through quite a 

- sorting and converting Arcor It now appears to additional sections of 
U1 as a 455 KHz signal that needs "demodulating," a way of saying: 
detecting, analyzing, decoding, or just making something intelligent out of 
it all. The MC3335 employs a conventional quadrature detector. Inductor 
L1 is the quadrature coil, requiring a simple onetime adjustment. 


The exact process of "detecting" intelligible FM voice or data from the 
455 KHz 2nd IF is the job of the remaining sections of the MC3335 IC. 
Because there’s much more of this transceiver circuit to discuss and 
understand, please study other sources if you are not clear on concepts 
such as Limiter, FM Discriminator, Quadrature, phase shift, and so forth. 
As long as you just See the general flow of how a 446.00 MHz. UHF FM 
signal can become intelligible audio input to the U2 speaker amplifier 
(Stage "B"), we're doing fine for now. 
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ADDITIONAL RECEIVER IC FUNCTIONS AND FEATURES 


In addition to audio output at pin 12, a separate high speed data output 
(up to 35000 baud) is available at pin 14 and may be linked directly toa 
packet TNC or other data controller using the jumper wire pad provided 
on the PC board. The MC3335 is capable of detecting true FSK 
(frequency shift keying) in addition to AFSK. 


The receiver has good "hysterisis” characteristics, the ability to hold the 
squelch open once it has been broken by a marginal signal, even if the 
signal becomes weaker. Hysterisis is established by R6. The IC also has 
meter drive and carrier detect circuitry which is put to good use in the 
transceiver design by providing very effective squelch action. The 
squelch is activated by signal strength, not by noise. When no carrier is 
detected, the voltage at pin 10 is high, which causes Q6 to mute the 
audio amplifier U2 as explained in Stage B. 


When a carrier is detected, the voltage at pin 10 drops low, turning off 
Q6. Resistor R13 permits squelch adjustment. If actual measurement of 
relative carrier strength is desired, suitable metering circuitry may be 
connected to the RSSI output point marked on the PC board (Received 
Signal Strength Indicator). 60 db. of RSSI range is available. Finally, the 
carrier detect circuitry affords the same COR ("Carrier Operated Relay”) 
action as needed in any repeater, which is why the output of pin 10 is 
also available on the PC board, designated "COR." It is up to creative 
users to determine their own practical implementations for this feature. 


Stage CR 
ASSEMBLY PROCEDURE: 


[ ] IN CR1. Install the socket supplied for U1, the MC3335 
20-pin DIP FM Receiver IC. Use the same care in soldering the 
socket as if you were soldering the IC directly. Make sure all 20 
pins are visible through the holes before soldering. Use the same 
care in inserting U1 into the socket and be very sure that the 
notched end is oriented as illustrated. 


Install the following resistors: 

[ ] | /ore R11, 10K (brown-black-orange). 
[] [9 l, CR3. R5, 10K (brown-black-orange). 
[JE 1 CRA, R4, 33K (orange-orange-orange). 
[ ] [A l CRS. R24, 10K (brown- -black-orange). 


A CR6..R9, 4.3 or 4. 7megohm (yellow-orange-green or 
yellow-violet-green). 


[IK J/CR7. R3, 1K (brown-black-red). 
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[ ] [MW one, C16, .1 uf (marked .1 or 104). 

ae Vere C5, .01 uf (marked .01 or 103 or 10nf). . 
[ ] LJ CR10. C9, .01 uf. 

[] [ ] CR11. C8, .01 uf. 

Gee 1 CR12. C19, .01 uf. 

[ ] DÍ CRIS C13, .01 uf. 

[ ] [ NK ‘CRIA, C14, .01 uf. 

[ ] y | CRIS. C102, .01 uf. 

[|] V] CR16. C6, .001 uf (marked .001 or 102). 
[ ] 


[y CR17. Install C7, 4.7 or 10 uf. electrolytic. Watch polarity (or 
U1's audio won't reach U2!) 


[ ] Ly CR18. Select FL2, the 455 KHz ceramic IF filter, it is the 
rectangular plastic block with 3 thin pins. Verify that its pins are 
straight and not bent over, if they are, straighten the leads. 


[ ] IY CR19. Install FL2, It fits only one way. 

So far, most disc capacitors installed have been from your endless 
supply of .01 and .001 capacitors. If you have not done so already, now 
would be a good time to sort and organize all xo ur "picofarad" 
Capacitors, ranging in value from 2 to 100 pf. Correct selection of these ~ 
values will be ESSENTIAL throughout the RF stages of your transceiver. 
[ ] [\//CR20. Install C10, 100 pf. (marked 100 or 101). 

[ ] sal CR21. Install C15, 15 pf. 


. Install C12, 15 pf. 


y Select and install Y1, the 21.855 MHZ. crystal. It must be 

snug on the board before soldering. [Be sure not to confuse Y1 
with Y2, the 12.80 MHZ. crystal which will set the Reference 
g for the PLL Synthesizer, or with FL1, which has 3 
wires 


¡] GRe24. Install u, the 455 KHz. shielded coil marked 
E [B53303HK. Make sure it is seated squarely on the board before 
SO dering, Solder all pins. 


„y CR25. Install C101, .01 uf. 
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| Install these following resistors: 
[TIN CR26. R6, 220K (red-red-yellow) 
[ ] [\ CR 27. R8 and R118, both 10K (brown-black-orange). 
[ ] fea R2, 470 ohms (yellow-violet-brown). 
[ ] [Y CR29. Ri, 47K (yellow-violet-orange). 
[11 1/ÓR30. R41, 270 ohms, (red-violet-brown). 
[ | [MW CR31. Install Q1, NPN type 2N3904. Before soldering, press the 
Sey ies holes as possible, with the flat side 
[ f creo. Install FL1, the 21.4 MHz IF filter. Its 3 wires ma 


“inserted either way; make sure its body is snug against ee top of 
ee board before soldering. 


[ ] [,1/Óroga. Prepare two 9" lengths of hookup wire for connecting 
R13, the 100K Squelch Control. Strip back 1⁄4" of each end except 
for one end, which should be stripped back Y". Tin all ends. 


SQUELCH 
R13 


[4] Select the wire with the 2" stripped and tinned wire end. 
Connect the 12" stripped end to the middle lug of the control, 
-"W", with the extra 1/2" of bare wire terminated at the "CCW" lug. 
[+] Select the other wire with the %" stripped ends. Connect one 
end to the remaining lug on the control, "CW". 
[, 1 Notice the two points on the board between C7 and C16 
marked CW (which means "clockwise") and W (wiper). Connect 
the wire that connects to "CW" lug, to the "CW" hole and the 
remaining wire to the "W" hole. 


[J] |: 1 CR34a. COMPLETING AND INSTALLING T1. 
Your kit jncludes a small doughnut-shaped "toroid" coil and also a _ 
short length of enameled wire. Notice the PC board location and 
drawing for this coil and that the section with 3 connections is 
pre-wound. 
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I CR34b. Wind 2 turns of the enameled wire around through the 
center of the toroid as illustrated. Trim away excess wire so that 
you have two 1/2" leads. Remove the enamel insulation from 
these two leads as follows:"TIN" the ends of these leads by 
heating them with your soldering iron tip while also applying 
solder. The heat will melt off the enamel insulation, and the 
copper wire will accept the tinning solder nicely. Do this tinning 
process on both wires almost up to the body of the toroid coil. 


T1 TOROID 


WIND 2 TURNS 
THROUGH CENTER 


| CR34c. Install T1, soldering all 5 connections. The added 
windings face R113; the original windings face C11. 


[|] [-CR35. Install C11, 100 pf. 
[ ] ‘on CR36. Install R113, 51 ohms (green-brown-black). 


one 


A "Theoretical" Test: 


At this point in your work, you could actually receive strong local signals 
by connecting an antenna wire at C17 and a high frequency signal 

source (e.g. a signal generator) to the input of T1. The signal you would 
receive would be on a frequency of the signal generator frequency plus 
21.4 MHz. Because we have not yet constructed any of the input circuitry 
(Stage DR), you would also hear any signal on the signal generator 
frequency MINUS 21.4 MHz. There is no actual “need” to conduct such a 
test, except for the simple satisfaction of learning and discovering. 


PRECAUTION ON WIRING FOR CONTROLS, JACKS, ETC: 


The volume control, squelch control, speaker jack and power cord are 
installed quite early in the assembly sequence so that tests can be 
conducted periodically during assembly. The disadvantage of this 
approach is that there is considerable wear or strain on the various wire 
connections as the PC board is repeatedly flipped back and forth during 
assembly. This is a serious consideration because more radios and 
computers malfunction because of broken wires than from electronic 
parts going bad. For this very reason, such wiring is ordinarily done as a 
final step in electronics assembly. To minimize damage to the control and 
jack wiring, use one of the provided wire cable ties to hold down this 
group of wires temporarily. Loop the tie through the PC board mounting 
hole near U10's position, grouping the wires snugly to the PC board. 
After fully assembling and testing the kit, the cable tie may be clipped off 
to allow you to once again use the PC board mounting hole. 
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FX SERIES TRANSCEIVER 
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Stage DR: 


Antenna Input and RF Preamplifier 


The operation of the FM receiver IC was discussed in Stage CR. The 
purpose of the following circuitry is to minimize the strength of unwanted 
signals and to boost signals in the 420 - 450 MHz range before they 
reach the 1st mixer input of U1 (pin 20). In addition, the circuit includes 
PIN diodes for proper T-R (transmit-receive) switching. 


Let’s follow the signal path briefly from the antenna jack, remembering 
that the antenna is "picking up" thousands of signals from all over the 
radio spectrum. Capacitor C71, L12,23,24 and C72 form a LOW pass 
filter, suppressing unwanted signals that are higher than the desired 
receiving range. 


The RF present at C27 now strongly favors signals that are lower than 
460 MHz. This RF is amplified by Q3, a fairly tiny device favored for its 
high gain and low noise. At this point, the desired 420 - 460 MHz RF has 
been both filtered and amplified. It could be pa now to U1 with 
reasonable results. However, note that we’ve been using words like 
“suppress” and “favor,” not absolutes like "reject." Unwanted RF is still 
lurking in the background and could result in unwanted “ghost” signals 
throughout the tuning range of the receiver. 


Components C20,26-28,30,31, L2-6 form a HIGHPASS filter, which sets 
lower limits on the RF passing from Q3 to Q2,17 for further amplification. 
The RF from C78 to U1 now can be said to be restricted to the desired 
tuning range of the transceiver. Unwanted signals have been doubly 
rejected, and the desirable signals have been doubly amplified. 


Take a look at PIN diodes D2, D6 and D7. These tiny diodes are amazing 
devices which have made relays and so forth all but obsolete for T-R 
switching purposes. To put it simply, a PIN diode can pass RF energy 
either way when it is turned on by DC voltage and also block RF from the 
other direction when it is not powered by DC. Just picture RF passing 
with the anode "arrow" and picture the cathode band as a barrier. 


The symbols "+ 8R" and "8T" mean that voltage is present at such a 
point during Receive or Transmit only, not both at the same time. 


During Receive, D6 is "on" and permits RF to flow from the antenna 
through C47 to the filter and amplifier stages just discussed. Because 
any DC device needs a ground connection as well as + DC, D6 is 
grounded through RF choke L17, which prevents the antenna RF from 
being shorted to ground. 


During Transmit, D7 passes RF from the transmitter to the antenna, and 
L17 again prevents loss of RF to ground. During transmit, D6 is blocking 
transmitter RF from the receiver circuit. For maximum protection of the 
more delicate receiver circuitry, D2 is turned on during transmit to short 
any stray RF directly to ground. 
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STAGE DR ASSEMBLY: 


Our assembly sequence will begin at the antenna input and will be 

complete when the installation of C78 couples the collector of Q17 to pin 

20 of the MC3335 FM IC. Primarily for learning purposes, we will install 
~ only the components needed for receiving. 


Be very attentive to capacitor values (in picofarads) and to coil 
descriptions arougneUt this section. 


[|] MI DHA. Install C71, 4.7 or 5 pf. 
[ ] M | DR2. Install C72, 4.7 or 5 pf. 


[ ] a DR3. Winding of L12: 
Use the heavier gauge, bare, tinned wire in your kit for winding 
L12. Wind this coil on the threads of the ¥%"x 20 bolt to assure 
perfect forming of the coil. (Or, if need be, the job can be done 
using any true 3/16" OD object such as a screwdriver shaft, etc. 
DO NOT try any other diameter). 
This coil will appear to have 2 turns if viewed from the top. The 
"legs" or leads on L12 should be %" long and the coil should sit 
1/8" maximum above the PC board. Install L12 as shown: 


| ] [£}-DR4. Install L24, .015 uh. The .015 uh inductors are the small 
ke color 2 turn pre-wound coils. 


[ ] [|] DRS. Select L23, another .015 uh coil. Bend out each lead from 
the coil so it extends straight out. Insert one lead into the L23 hole 
on the PC board, allow the coil to sit about 14" above the board 
and solder, the other lead will be soldered to the SO-239 antenna 
connector at a later step. 


E A —\ 


oe PC Board 
[ ] [IMFDRS. Install C63, 27 pf. 


[] IN “DR7. Correctly identify and install PIN diode D6. It is the only 
BA389 used in the circuit, and its number is stamped piany on 
the diode body. Be sure to orient the cathode end correctly! 
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[A we DRE8. Install L1 7, 2.2 uH in upright position with the inductor's 
body in the designated hole. This is a molded inductor, 
resembling a resistor but is larger. Look for 2 red bands on its 
body. 

[4 [WC ‘DRO. Because it must dissipate slightly more power, resistor R54 — 
is larger than most of the resistors used in this circuit. Its value is 
180 ohms, Yewatt (brown-gray-brown). Install R54 in upright style. 

[4 [4 DR10. Install C25 and C47, both 27 pf. 

[-] SA DR11. Install L22, 2.2 uH inductor, same style as in step DR8. 


[A [A DR12. Install L3, .015 uH. L3 is one of the small red 2 turn 
pre-wound coils. 


[ ] [E] DR13. Install R21, 470 ohm (yellow-violet-brown). 
[ 1 [4 DR14. Install C26, 3.9 pf. 

[4] [H DR15. Install La, .015 uH, just like L3 above. 
[1 [WC DR16. Install C27, 2 pf. 


[1 [4 DR17. Install D4, type 1N914 or 1N4148. Orient the 
cathode band correctly. 


[1 {J DR18. Install C53, .01 uf. 

[ 1 [W DR19. Install C18, 100 pf (marked 100 or 101). 
[ ] [ví DR20: R16, 47K (yellow-violet-orange). 

[ ] [4 DR21: R17, 270 ohms (red-violet-brown). 

[1 [A DR22: R12, 100 ohms (brown-black-brown). 


[-] [4 DR23a. If you think that transistor Q3, type NE021, is tiny, wait 
until you install C75, the SMT (Surface Mount Technology) or 


“chip” capacitor at Q8, the Transmit Final Amp! Study the drawing ~ 


and Q3 itself before removing the device from its protective paper. 
[A] M DR23b. The longest of the three leads is the collector, which 


points to L2, as pictured. Remove Q3 from its adhesive paper, 
bend all three leads down 90 degrees, and insert as illustrated. 


C 
E 
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[A Y DR23c. After making sure that the body of Q3 is snugly against 
the PC board and correctly oriented as shown, solder and 
trim all three wires. That's all there is to it! 


[A] Dy DR24. 
| DRas. 
[WC DR26. 
[WC DR27. 
[UY DR28. 
[UDR29, 
[A R30. 
wa DR31. 
[ DR32. 
A [D R33. 


A DR34. 
step DR23. Using the same technique as before, install Q2. 


[Y DR35. 


[V] DR36. 
position. 


P 
4 
É 


[ 
[ 


] 


k 
pens 


[2] DR37. 


Mé DR38. 
ef DR39. 


Install C20, 2 pf. 

Install C30, 2 pf. 

Install L5, .015 uH, a small 2-turn pre-wound wire coil. 
Install C28, 2 pf. | 

Install L2, .015 uH, like in step DR25 above. 

Install L6, another 2-turn .015 UH coil. 

Install C31, 3.9 pf. 

Install C22, 10 pf. 

Install R14, 47K (yellow-violet-orange). 

Install R10, 270 ohms (red-violet-brown). 


Select another NEO21 NPN RF transistor, the same as in 


Install C17, 27 pf. | 
Select another NE021 transistor, install it in the Q17 


\ 


Install C78, 27 pf. 
Install R45, 270 ohms (red-violet-brown). 
Install R66, 47K (yellow-violet-orange). 


[1 f°] DR40. Install C79, 100 pf. 


DR Pr 


Testing N 


[ ] 1. Turn both volume and squelch controls fully CCW. 


[ ] 2. Connect DC voltage and speaker. 


[+] 3. As you advance the volume control clockwise, you 
should hear typical VHF radio background noise. 


[ yá. As you turn the squelch control clockwise, the noise should cut out 
completely at a specific point in the rotation. 
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Stages E - F: ; 
Transceiver VCO (Voltage Controlled Oscillator) and 
Buffer Stages 
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Stage E-F: 
- The FX Transceiver VCO 


The VCO (Voltage Controlled Oscillator) provides basic frequency control 
- for both transmit and receive modes. It is essential to understand its 

function in the transceiver circuit. Q7 is the oscillator transistor and the 
key VCO components are L7, D3 and D23. 


Think of the VCO for now as just a simple ’VFO’ type RF oscillator whose 
- output frequency can be changed by adjusting the length of L7. The 
inductor, L7 is interesting in that it is a short length of PC board circuit 
trace! At high UHF frequencies, the standard slug-tunable coils that were 
all familiar with would be too small to be practical, so a PC trace is 
commonly used. Notice that there are no capacitors, either fixed or 
variable, to form a ’tuned-circuit’ with L7. Instead, varactor diodes D1 and 
D23 perform this function. (A varactor diode changes capacitance in step 
with the amount of voltage applied across it.) If the output of this simple 
oscillator reaches T1 through C35, you would certainly be able to receive 
any signals on a frequency determined by that oscillator frequency plus 
or minus 21.4 MHz, the Receiver 1st IF. Similarly, if the oscillator output 
could reach Q9 and Q8 in the transmit section, or even the transmit 
buffer, Q10, some sort signal could be put on the air. 


After the VCO is assembled on the PC board, the interested builder has 
the option of experimenting with it in receive mode before proceeding. 
The VCO must be capable of considerable frequency range. To receive a 
signal at 420 MHz, the VCO must tune to 420 MHz minus 21.4 MHz or 
398.6 MHz. To transmit at 460 MHz, it must tune to 460 MHz. This 
indicates a tuning range of over 60 MHz! 

|) 
For now, consider Q5 and Q16 to be buffer stages for oscillator Q7 and 
that transistor Q4 does some nifty voltage filtering that well explain later 
on. What we have so far is a master oscillator for the transceiver that can 
be tuned by varying the voltage applied to the varactor diodes. All we 
really need now is some precision way of controlling the voltage at 
to those varactor diodes so that we can put that oscillator on any UHF 
channel we want with 12.5 KHz precision. And this control obviously must 
- be extremely stable, since a change of only a few picofarads can tune 
through many MHz of UHF spectrum. We know we can get stability by 
using a crystal oscillator, but that would not allow us to operate on a 
multitude of channels without changing crystals for each channel. How 
can we get such precision performance from small tuning diodes, a PC 
circuit dato inductor, and a transistor with its supporting capacitors and 
resistors‘ | 


- We guess already that the answer must lie in the functions of the 
Frequency Synthesizer IC. However, the key to grasping what this IC 
really does lies in understanding TWO concepts: frequency synthesis and 
the "Phase Locked Loop" or PLL. The more of a handle that you can get 
on these two interconnected ideas, the less mysterious will be your FX 
transceiver as well most other modern radio gear - from ham transceivers 
to car stereos to cellular phones. The VCO is an integral part of the 
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phase locked loop. You can read ahead about PLL and synthesis in the 
a section, or you can proceed with building and testing the VCO 
one. 


V IRCUIT SUMMARY: 


The control voltage for the D3 and D23 varactor diodes is supplied 
through R47 and R25 by the output of U5:A in the PLL synthesizer 
circuit. 


We know already that there must be a 21.4 MHz difference between the 
receive and transmit frequencies of the VCO. This swing cannot be 
accomplished by PLL programming alone. The VCO must be able to stay 
"in range" with the synthesizer. D3 and D23 work in series during 
transmit, which reduces their total capacitance to one-half (per the 
standard formula for capacitors in series). For example, if a given control 
voltage runs both diodes at 5 pf, the actual capacitance is 2.5 pf. In 
receive, the + 8R through D1 causes D3 to be shunted by C39, which 
causes D23 alone to control the VCO L-C circuit, introducing twice as 
much capacitance and thereby lowering the frequency. 


- Transistor Q5 is a common base buffer which affords good isolation, low 
input impedance and broadband characteristics. The output from Q7 is 
fed into U3, UPB569, a +64/65 prescaler which divides down the UHF 
signal to a lower frequency which the PLL chip can process. The output 
is further buffered and amplified by Q16, the VCO buffer which feeds T1 
through C35 for receive, and Q10 through C56 for transmit. 


Another important role of the VCO is that it is the stage that is modulated 
by microphone amplifier U4, which is discussed in Stage M. Notice that 
the microphone amplifier output is coupled through C62 directly to the 
voltage control line for the varactor diodes. Therefore, any voltage 
variation imposed on that line will vary the VCO frequency in step with 
that variation. If the frequency is varied in step with speech patterns or 
other audio signals such as tone shifts,, we are generating ‘frequency 
modulation’, hence 'FM”. 


D5 and R31 perform an interesting function. Remember that the VCO 
control voltage has a range of about 1.0 volts DC (low frequency) to 7.0 
volts (high frequency). Therefore, more modulation voltage is needed at 
higher VCO frequencies. As the VCO control voltage increases, D5 turns 
on and places R31 in parallel with R33, reducing the resistance in the 
line to half and thereby increasing available modulation voltage. 


Finally, it should make sense that the VCO should have a very pure 
source of well-filtered DC, completely free of AC hum, alternator whine or 
other disturbance. R19 and 47 uf. C40 form a basic low pass filter. 
Transistor Q4 serves as an electronic capacitance multiplier. The actual 
effect of the filter is that the beta of Q4 multiplies the 47 uf to the 
equivalent of installing a huge 4000-5000 uf capacitor in the VCO area. 
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Stage E: 


BASIC VCO ASSEMBLY 


In this Stage, we will assemble the basic VCO (Voltage Controlled 


- Oscillator) circuit. Understanding the function of this stage is especially 


important for knowing how the FX transceiver works. 


[ ] [ ] E1. The VCO inductor, L7 is a PC board trace. It is tuned by 


os i i 
i i i 
gemawang pay = pamawang pa Pe 
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moving a wire "short" along its length. Select a scrap component 
lead wire and bend it into a right-angle. Cut one end of the wire 


1/4" long. ee 
mm) 
«+ 
© 
BENT LEAD WIRE 
LONG LEG GOES IN HOLE N PLACE SHORTING WIRE HERE. 


— 


] [ ] E2. Insert the long wire into the hole along side L7 BETWEEN 
the two lines printed on the PC board. Push the wire flush against 
the PC board, you should now have the short end neatly sitting on 
the L7 trace between the printed lines. Solder both ends of the 
wire. Do not use too much solder on the top of L7 as we will 
slightly adjust it during test. 

| WA ES. Install C43, .001 uf (marked .001 or 1000 or 102). 

| [M E4, Install C51, 8.2 pf. 

] LES. Install C54, 8.2 pf. 

] DA E6. Install R30, 51 ohms (green-brown-black). 

] EYE? Install R22, 22K (red-red-orange). 


] AE E8. Install Q7, NPN type NE021. Use the same technique for 
installing Q7 as you did for the other NE021 devices. 


] | TES. Install R18, 2 ohms (red-black-gold). 


pay 


] [WE] 0. Install varactor diode D23, type BB405. It has a black body 
with white and green bands. Be certain of correct diode - 
identification and orientation of cathode (WHITE pang) end. 


o” 


IE JEN. Similarly, install D3, also type BB405. 
ltl E12. Install C36, .01 uf. 


grereny 


] I 1 Enda Install C40, 47 uf, electrolytic. Watch polarity. 
[ ] mí E13b. Install R19, 1K (brown-black-red). 
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[ ] IM Eta Install C39, 10 pf (marked 10 or 10K). 
[] 17 Éis. Install D1, PIN diode BA482 (small orange diode with one 
red band). 


[] [M E16. Install R15, upright, 1K (brown-black-red). 

[ ] IN 17. Install C99, .01 uf. 

[ ] 4 ] E18. Install R25, upright, 47K (yellow-violet-orange). 

[] T 1 E19. Install Q4, NPN type 2N3904. Observe flat side placement. 


[ ] [:].€20. Install R35, upright, 100K (brown-black-yellow). 
R35 is between positions for D5 and C62. 


Steps E1-E20 were presented as a group primarily as a help in 

visualizing the location of the VCO on the PC board. You have built up 
the VCO itself and the capacitance multiplier voltage filter provided by 
C40, Q4, etc. After double-checking the accuracy of your work, proceed 
with installing the VCO related components in Stage F. 


F 
VCO Buffers, PLL Synthesizer, +64/65 Prescaler 


[ ].[ ] F1. Install C45, 100 pf (marked 100 or 101). 


[ ] [ ] F2. Install C52, 100pf on the solder side of the PC board. C52 is 
electrically in parallel with C45 that was just installed. Clip each 
lead on C52 to about 1/16" long and tin right up next to it’s body 
as close as possible. Solder C52 as shown below, solder right up 
to the capacitor gd no lead gk should be visible! 


pi "EDGE OF BOARD 


BREAK AWAY THE 
BROWN COATING 

IF NECESSARY 

l TO GET TINNED 

i > LEAD RIGHT UP 
1/16" LEADS $ TO THE BODY 


The reason for two capacitors in parallel is to reduce lead 
inductance to a minimum. A “real-world” capacitor actually 
electrically looks like a true capacitor in sereies with a small 
inductor - it's leads! This small inductor is usually of no 
consequence at lower frequencies, but at UHF, it can become 
quite a problem. 


Solution to this problem is "chip" capacitors or paralleling regular 
Capacitors. In this case we found that an addition parallel 
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[ ] 
[ ] 


[ ] 


[ ] 
[ ] 
—] 
[ ] 
“43 


capacitor with s-h-o-r-t leads worked well. In later assembly, you'll 
work with chip capacitors (and learn why they have macnnos 
instead of people to put them in!). 


[ ] F3. Install R20, 100 ohms, upright (brown-black-brown). 
[ ] F4. Install R23, 100 ohms, upright (brown-black-brown). 


[ ] F5. Recent improvements in the design of the FX-440 involve 
changing the VCO buffer amp. We've replaced the transistor 
stage, Q5 with an MMIC (Microwave Monolythic Integrated 
Circiut). This MMIC provides 13 dB of gain, 50 ohms input and 
Output inpedance, and flat frequency response. A part of this 
nature was unheard of a few short years ago, and duplicates the 
function of a small handful of components! Fitting this part on the 
existing PC board requires careful following of the instructions. 


[ ] F6. Locate Al, the MSA0304 in its blister pack. Look carefully at 
its body, you'll see a small molded dot near one lead. Refer to the 
following drawing and GENTLY bend the lead with the dot and the 
lead directly opposite. 


BEND LEAD BEND LEAD 
N / 
DOT 


[ ] F7. Install Al, insert the two bent leads into the holes on the PC 
designated Q5 and solder. 


© 


4 7 \ 
> OBSERVE BEND DOWN 
POSITION AND SOLDER 
OF DOT 1 
OI 


[ ] F7a. You will now have two remaining leads sticking out from 
A1's body. Gently bend these leads down to the circuit board's 
surface and solder. 

[ ] F8. Install R115, 1K, (brown-black-red). 

[ ] F9. Install C46 and C50, both 100 pf. 

[ ] F10. Install C38 and C57, both .001 uf. 

[ ] F11. Install C32, 100 pf. 


[ ] F12. Install Q16, 25C2570, orient the flat side as shown. 
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[ ] [ ] F13. Install R106, 10K (brown-black-orange). 

[ ] [ ] F14. Install R105, 100 ohms (brown-black-brown). 

[ ] [ ] F15. Install L21, .04 uh. L21 is a small 4 turn pre-wound coil. 
[Jl ] F16. Install C35, 100 pf. C35 couples the VCO buffer to T1. 
[ ] [ ] F17. Install C21, 27 pf. 


| [ | j ] F18. Solder 1/4" lengths of scrap component lead wire in the two 
». test point holes marked TP2 and TP3. See the following optional 
test before installing a similar test point at TP1. 


[ ] [ ] F19: TEMPORARY RECEIVER PTT/T-R CONNECTION 
OMIT this step if you prefer to install ALL transceiver parts before 
any testing or use of the Receiver alone. If you wish to conduct 
further tests or put the receiver to work, it is necessary to solder a 
5" length of hookup wire from the hole marked "+ 8R" (near Q13, 
R112) to the hole marked "+ 8V" near C29. In lieu of the 
switching done by the PTT circuit (Stage M), this temporary 
jumper applies + 8V to all + 8R points on the board. (You also 
have, of course, the option of wiring the microphone input and 
PTT circuitry before testing the receiver). 


\ 


Even if you do not perform the following test, be aware that there is one 
more step following this discussion (F20) - please don’t forget to do it. 


OPTIONAL VCO RECEIVER TEST OR DEMONSTRATION 


At this point in building your transceiver, the VCO is functional but is 
lacking any control voltage to varactor diodes D3 and D23 that would 
permit tuning. Supplying this precision controlled voltage is, of course, 
the function of the PLL Frequency Synthesizer that will be constructed 
next. However, for those who would benefit from such a test or 
demonstration, it IS fairly easy at this point to set up temporary manual 
or "analog" tuning with an ordinary potentiometer. 


Notice on the schematic diagram that the control voltage to the tuning 
diodes comes from U5A through R47 and R25. Notice that a Test Point 
(TP1) is conveniently located at R25. The purpose of TP1 is to permit 
measurement of the precision voltage to the varactor diodes generated 
by the frequency synthesizer's phase detector. Since no such voltage is 
yet reaching TP1, we can put it there ourselves! If we connect a 
potentiometer as ‘illustrated below, the wire soldered to TP1 can be 
trimmed down later to serve as the intended test point. The potentiometer 
will vary the voltage to D3 and D23, thereby varying the VCO frequency 
and tuning your receiver. 
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Upuional: 

TEMPORARY VCO TUNING TEST 

( RECEIVE ONLY ) +8 VOLTS — 2K, SK, or 18K 
POTENTIOMETER 


Higher Voltage = Lower Capacitance = Higher Frequency 
Lower Voltage = Higher Capacitance = Lower Frequency 


VCO AND RECEIVER TEST PROCEDURE: 


1. Make sure work area is tidied up and that the PC board has been 
checked for stray scraps of wire, etc. 


2. Use your own hookup wire and potentiometer to connect to TPI, + 8V 
and GND as illustrated. 


3. Turn power switch OFF and squelch fully counter clockwise. 
_ 4, Connect 12V DC, speaker and antenna (2 of wire will do). 


5. With power on and volume at a low level, s-l-o-w-l-y turn the 
temporary tuning potentiometer. 


See if you can hear a local repeater or nearby transmitter. As you tune 
through the UHF business band, you should hear plenty of signals. 
Because the control is sweeping through FORTY MHz of epee 
- actually tuning in a station will be VERY touchy. 


The demonstration can be more interesting and useful if a digital 
voltmeter is added to monitor the voltage changes at TP1, and a Ramsey 
Frequency Counter is connected to TP2 or the top of R113. REMEMBER 
that the indicated VCO frequency is 21.400 MHz LOWER than any signal 
you happen to tune in. Observe how much frequency change there is per 
.1 volt or less of voltage change. Stay on a given frequency for a minute 
or so and notice how the indicated frequency drifts slightly either up or 
down. This observation helps us appreciate the precision control that will 
be offered by the PLL circuit. Finally, notice that the higher the voltage 
applied, the lower the varactor diode’s capacitance ane means the 
-higher the VCO frequency. 


When you are finished with this optional test, disconnect DC voltage. 
Then, cut the wire to TP1, leaving 1/4" soldered in place to serve asa 
permanent test point. If you do not wish to conduct this test, simply 
double-check the accuracy of your work in this stage and proceed to the 
Frequency Synthesizer section. 


-[ ] [ ] F20. Install U3, IC type UPB569. Do not use a socket for U3, just 
be sure to orient the notched end as pictured on the PC board. 
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FX-440 UHF FM TRANSCEIVER 
IT ASSEMBLY PHASE 2: 
Stage G: 


The PLL Synthesizer: Understanding and Assembly | 
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Stage G: 
“The FX- Transceiver PLL Synthesizer 


A reassuring feature of the FX Transceiver is that if you build it correctly 
- and make a ase a few adjustments, it will WORK fine whether’ you 

understand how it works or not. For most amateurs and beginners, the 
functions of the PLL Frequency Synthesizer and VCO will present the 
greatest challenge to understanding. In fact, these stages, which are at 
“the heart of the transceiver's design, are not easy to explain in everyday 
terms, because some level of engineering training or serious amateur 
curiosity is definitely required to catch on to the many concepts and 
principles involved. In short, don't feel bad if the functions of U5 through 
- U10 seem somewhat mysterious to you at first. 


The author’s suggestion is that you study the FX transceiver's more 
complex sections simply for the fun and satisfaction of it, catching on to a 
little bit here or a new concept there as you go along. You'll get some 
insights from our published circuit descriptions, and you'll pick up more 
from studying other publications such as the ARRL HANDBOOK, 
discussing the circuit with friends with engineering backgrounds, or doing 
whatever helps you best catch on to new ideas and concepts. 


The VCO, integral to the PLL, was discussed and tested in the preceding 
assembly stage. 


“What we have so far is a master oscillator for the transceiver that can be 
tuned by varying the voltage applied to the varactor diodes. All we really 
need now is a Super reliable way of controlling the voltage applied to 
those varactor diodes so that we can put that oscillator on any UHF 
channel we want with 12.5 KHz precision. And this control obviously ‘must 
be extremely stable, since a change of only a few picofarads can tune 
through many MHz of UHF spectrum. How can we get such precision 
performance from small tuning diodes, avery ordinary shielded coil, and 
a transistor with its supporting capacitors and resistors? 


We assume already that the answer must lie in the functions of the 
Frequency Synthesizer IC. However, the key to grasping what this IC 

- really does lies in grasping TWO concepts: frequency synthesis and the 
"Phased Locked Loop" or PLL. The more of a handle that you can get on 
these two interconnected ideas, the less mysterious will be your FX 
transceiver as well most other modern radio gear from ham transceivers 
to car stereos to cellular phones. To begin, let's over simplify as much as 
we can. 


UNDERSTANDING THE PLL: 


In the following block diagram, the notion of "Loop" is seen in the simple 
fact that the VCO output Is routed right back into the VCO itself via the 
other circuit sections. Try to imagine the unending and rapid circle of 
activity in which the VCO output is repeatedly affecting its own oscillating 
frequency, self-adjusting many times per second. Hence, an un-ending 
circle or loop. 
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DIVIDE PHASE wee 
DETECTOR FILTER 
Y2 re 
DIVIDE BY 
: U6 DIVIDE BY N 64/65 
PRESCALER 


U3 SYNTHESIZED 


OUTPUT 
PROGRAMMING FREQUENCY 


Inserted into this circle is the frequency synthesizer (U6 with U3), which 
compares the output of the VCO with the output of its own 12.80 MHz 
Reference Oscillator (see Y2) and also with the frequency programming 
which you have set up. After making these comparisons, it gives an 
instruction to the VCO in the form of a precision voltage applied to the 
varactor diodes, and the cycle repeats itself at lightning speed. 


Try dividing 12800 KHz by 1024 on your calculator. If you get an answer 
of 12.5 (KHz) you are correct and perhaps on your way to seeing how the 
FX transceiver can be programmed in 12.5 KHz steps! If you are curious 
about U3, its job is to divide the VCO’s VHF output down so that U6 
need only analyze ("count") 1/64 of it in order to send voltage 
adjustments back to the VCO. This Pisang keeps the input freguency 
to U6 within specifications. 


"Will the circle stay unbroken?" asks an old folksong. If the PLL’s circle 
of activity is broken by incorrect phasing, the loop is said to be 
"unlocked." - If all is going well, the loop is locked. The loop is UN-locked 
only when the phase detector gets so unhappy that what is being fed into 
its two inputs is so far “out of whack" that it cannot make corrections. If 
the loop Is unlocked, no useful control voltage reaches the VCO. If the 
VCO operates at all, it will be at a wrong or unknown frequency. 


The phase "detector" can also be called a phase “corrector.” It does 
more than just detect or look at the two incoming 12.5 KHz signals. It 
sends correcting pulses to the VCO to keep it in phase with the 12.5 KHz 
output of the crystal reference oscillator. 


A good word for understanding "phase" is synchronization or “sync.” The 
process of tuning a musical instrument is a good illustration of sync or 
phase. When two guitar strings are very close but not exactly on the 
same note, there is a discernible third sound, a sort of rumble that 
disappears as soon as both strings are exactly on the same frequency. 
By tuning the one string to the exact pitch of the other, you have 
corrected the phasing of the two independent frequency sources. Pilots 
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of multi-engine planes (or boats) make slight RPM adjustments to get all 

- engines in phase. If you have two audio oscillators handy, listen carefully 
as you adjust both to EXACTLY the same frequency. Another analogy is 
the process of tuning a BFO equipped receiver to a perfect null or "zero 
beat.” If you are exactly on frequency, you hear nothing, even though the 
BFO and incoming signal are both fully present. In a PLL, we want the 
"beat note” to be a e zero or constant direct current (DC), and this 
DC controls the VCO. 


What breaks the circle? What UN-locks the loop, the PLL? Let's think 
and make a list of possibilities: 


e VCO will not tune in proper frequency range 
e Bad Reference Oscillator (IC, crystal, component?) 
e Invalid "N" number? 
e A physical break in the loop? 
Caused by (what else?): 
e Bad solder connections 
e Incorrect components 
e Defective components (rare) 
e Incorrect programming 


The preceding is about as untechnical as we know how to get in giving a 
hint of how the PLL Frequency Synthesizer portion of your transceiver 
functions. The Glossary of Terms in this book might give some additional 
help, but there’s really no substitute for just exploring the knowhow of 
modern communications technology by whatever learning method works 
best for you. 


Now, let’s take another look at the whole circuit in a more formal way. 


The PLL Frequenc nthesizer IC: 


The MC145152 IC incorporates the equivalent of 8000 individual 
transistors and contains the following circuits: 


DA crystal reference oscillator governed by Y2, 12.80 MHz. 

o A counter or "frequency divider" circuit set externally to divide 
the crystal oscillator output by 1024, for a Reference 
Frequency output of 12.5 KHz. 

o A second counter or frequency divider that divides the frequency 
from the Prescaler (U3) by the externally programmed 
number that we call "N". | 

o A third frequency divider ("A") also used for programming 

o Control logic circuitry which permit the "N" and "A" counters to 
work together for channel programming. 

o The Phase Detector (or "phase corrector") which compares the 
12.5 KHz Reference Frequency with the “intended” 12.5 
KHz output of the divide by N counter and sends 
correcting pulses to the VCO to keep the output of the N 
divider right at 12.5 KHz. 

o A “lock detect signal" circuit. 
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An easy illustration of how simple assembly error causes an unlocked or 
mistuned PLL can be seen in the fact that the Reference Frequency “R” 


counter is externally programmable by grounding various combinations of - 


pins 4,5,6, permitting 8 possible divider values. 


Let’s say that pin 6 of the IC or socket is bent and does not make 
contact. This would cause the "R" divider to divide by 1160 rather than 
1024, for a Reference Frequency of 11.034 KHz rather than 12.5 KHz! 
Thus, the VCO output would become a multiple of 11.034 KHz. If "N" is 
programmed as 35,680 for 446.00 MHz. Simplex, the single bent IC pin 
would cause the output frequency to be 35,680 X 11.034 KHz, which is 
pane MHz! Because the VCO cannot tune this low, the loop becomes 
unlocked. 


In addition to looking over the following block diagram of the internal 
circuits of U6, it is worthwhile to study the block diagram and the 
schematic of the whole FX- transceiver circuit. The more you work to 
understand it, the more confident you'll become in using, maintaining, 
programming and customizing your FM transceiver. 
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MC145152 BLOCK DIAGRAM 


FX- TRANSCEIVER PLL OVERVIEW: 


The reference oscillator is internal to U6, governed by Y2. The precision 
of the 12.80 MHz reference oscillator can be adjusted by trimmer C35. 
The R divider feeds 12.5 KHz to the phase detector section of U6 (12800 
divided by 1024). 


The output of the UPB569, +64/65 prescaler U3 is AC coupled via C57 
to pin 1. IC U3 is a "dual-modulus" prescaler, controlled by pin 9 of U6. 
The pre-scaled output of the VCO is fed to the A and N counters. The 
"N" number programmed on the diode matrix is pre-determined to divide 
this frequency down to 12.5 KHz for phase comparison with the 12.5 KHz 
Output of the crystal controlled reference divider. 
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The minimum "N" number is 1. The maximum can be stated in a variety — 
of ways, some more exact than others. We could just say "64K less 1° or 
2 to an n-th power less one. We could say the maximum is what you get 
when you install diodes in all 16 positions of the parallel programming 
Hed We could express it as "2 x 32768 - 1" or just say that it is 

69,5 


The details of N divider programming will be covered in the next section. 
We'll even see that the roles of the offset matrix and the binary adders 
(U7-U10) are clear, brief and simple to explain. 


Unlike simpler PLL IC’s, U6’s phase detector has TWO outputs at pins 7 
and 8. These outputs go through very simple low pass filters (R44-C68, 
R53-C91) to cut back the 12.5 KHz whine sound of U6 at work. Op amp 
U5:A sums together the phase detector outputs and the output of U5:A is 
passed through a network of 2.2 uf electrolytic capacitors (C67,70,90,92) 
st out the phase detector pulses to clean DC for controlling the 


R48 and C85 form yet another low pass filter to ensure that any 12.5 KHz 
“whine” will not get into the VCO. Because the DC charge developed in 
C85 (.1 uf) would slow down the PLL during major frequency swings, 

such as just going from transmit to receive, D8 and D10 are set up 
back-to-back across voltage dropping R48. 


Whenever there is a major frequency shift (which means a significant 
VCO control voltage change), one way or the other, one diode or the 
other is switched on to short out R48 and discharge C85. This lets the 
PLL re-lock instantly; C85 recharges and the diodes become no factor in 
the circuit. The “lock detect" output (pin 28) of this Motorola PLL IC is a 
fine feature that could be used many different ways in this circuit. We 
could have set it up to tell an LED just to alert you that you are "UL" 
(unlucky, unlocked??) Instead, we decided to protect your investment in 
the transmitter RF section of your transceiver and keep our FCC smiling. 
The lock detector gives a strong series of pulses when the PLL is 
unlocked. When the PLL is locked, only a tiny sawtooth wave appears at 
pin 28. The “lock detect" voltage is watched by U5:B. If "unlock" pulses 
appear, they are integrated through R90 and C96 as a fairly clean DC 
voltage charge built up in C96. If this charge causes USB to swing low, 
bias is removed from Transmit Buffer Q10. No damage is done, and no 
offending signals can be emitted. 


We've toured "The Loop." Now, let's build it and enjoy what it can do! 


STAGE G: 
PLL SYNTHESIZER CIRCUIT ASSEMBLY 


Since our most immediate goal is a functioning, programmable receiver, 
it is useful to know that the receiver portion could work fine WITHOUT 
_ the four binary adder IC's (U7-U10) or the secondary diode programming 
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matrix. In practice, this proposition need NOT be pursued, because it 
would require 16 wire jumpers to connect the A inputs of the adders to 
the summing outputs. Also, the programming formula would involve 
subtraction of the receiver IF frequency. For example, to receive 446.0 
MHz, we would have to determine N as (446000-21 400) = 12.5. 
Consquently, we can see that it will actually EASIER to install the 4 IC’s, 
install diodes in the RECEIVE line of the second matrix and proceed to 
find "N" simply by dividing our desired frequency by 12.5 KHz. 


CONSTRUCTION PROCEDURE NOTE: 


The suggested order of assembly for the PLL Frequency Synthesizer 
portion of your transceiver is exactly that: a suggestion. This stage 
involves some repetitive work that may seem extra easy, but it also can 
become easier to make mistakes: skipping connections, causing solder 
bridges, etc. Some builders may prefer to push ahead and do all of the 
repetitive soldering as a single operation, while others do better work with 
frequent breaks in the phases that involve repetition of steps. The 
suggested order of assembly is for the benefit of the latter group. If you 
wish to proceed differently, feel free to do so. Just be sure to check off 
the respective assembly steps as you finish or review your work. 


[ ] [ ] Gla Insert the 28-pin DIP socket for U6 into its PC board 
position and slightly bend the 4 outermost pins to hold it in place. 


[ ] [ ] G1b. Examine the solder side and verify that ALL 28 pins extend 
through their respective holes. Solder the 4 outermost pins and 
then solder all the remaining pins. 


[ ] [ ] G2. Install oscillator crystal Y2, 12.80 MHz. Be sure it is firmly 
seated on the board before soldering. 


[ ] [ ] G3. Install C87, 39 pf. 
[ ] [ ] G4. Install C80, 15 pf. 
[ ] [ ] G5. Install R38, 10K (brown-black-orange). 


[ ] [ ] G6a Identify C81, a 35 pf. trimmer capacitor. (C81 has a black 
body and orange top). Press it in place flat on the PC board. 


[ ] [ ] G6b. Solder C81's two leads. 


[ ] [ ] G7. Identify and install U5, the LM358 dual op amp IC. Be 
certain to orient the notched end as pictured on the PC board. 


BSERVE RRECT POLARI R THESE APACITORS: 
[ ] [ ] G8. Install C70, 2.2 uf electrolytic. 
[ ] [ ] G9. Install C67, 2.2 uf electrolytic. 
[ ] [ ] G10. Install C96, 4.7 or 10 uf electrolytic. 
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[ ] [ ] G11. Install C90, 2.2 uf electrolytic. 
[ ] [ ] G12. Install C92, 2.2 uf electrolytic. 


[ ] [ ] G13. Insert U7, type 74HC283 IC with its notched end correctly 
oriented. Solder the 4 outermost pins. 


[ ] ] G14. Insert and solder U8 as in step G13. 

[ | [ ] G15. Insert and solder U9 as in step G13. 

[ ] [ ] G16. Insert and solder U10 as in step G13. 

Soldering the remaining pins for U7, U8, U9 and U10 may be done either 
as a single operation or at any other pace preferred by you to ensure, 
careful work (no missed pins, no solder bridges). As you complete the 
soldering of each IC, mark its respective assembly step: 

[ ] [ ] G17 14 pins soldered on U7. 

[ ] [ ] G18. 14 pins soldered on U8. 

[ ] [ ] G19. 14 pins soldered on U9. 

[ ] [ ] G20. 14 pins soldered on U10. 

Install the following resistors and capacitors: 

] G21: R55, upright, 10K (brown-black-orange). 

] G22: R44, upright, 22K (red-red-orange). 

] G23: R53, upright, 22K (red-red-orange). 

] G24: C69, .01 uf (marked .01 or 103 or 10nf). 

] G25: C68, .01 uf. 

] G26. C91, .01 uf. 


G27. C98, .01 uf. 
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: R43, upright, 10K (brown-black-orange). 
G29: R52, also 10K. 
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] 
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] [ ] G30: R103, upright, 47K (yellow-violet-orange). 

] [ ] G31: R104, upright, 10K. 

] [ ] G32: R90, upright, 10K. 

] [ ] G33: R47, upright, 10K. 

FR °° °°” AA og 


[ ] [ ] G34: R102, upright 10K. 
Í 1 [ ] G35: R48, upright, 10K. 
[ ] [ ] G36. Install C85, .1 uf (marked .1 or 104). 


[ ] [ ] G37. Install diode D8 type 1N914 or 1N4148. Orient 
the banded cathode end correctly. 


[ ] [ ] G88. Similarly, install diode D10, same type as D8. 
[ ] [ ] G89. Similarly, install diode D24, same type as D8. 


[ ] [ ] G40. If you have not done so already, install the MC145152 PLL 
IC into the 28 pin DIP socket. Be sure to orient the notched end 
correctly and that all 28 pins are seated in the socket. 


Progress Note: 


The PLL Synthesizer is now fully assembled,( with the very essential 
exception of the programming matrix!) No useful testing can be done at 
this point. Even though the "R" oscillator controlled by the 12.80 MHz 
crystal can deliver its 12.5 KHz reference signal to the phase detector, 
we need to be able program both the frequency matrix and the offset 
matrix in order to achieve a working, synthesized FM receiver. 


Double-check the accuracy of your work. If previous tests have delivered 
the intended results, you're now getting very close to a working 
transceiver! 


PLEASE study the following section carefully. Knowing how to program 
the synthesizer is ESSENTIAL to trouble-free enjoyment of your 
transceiver. 
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Stage H: 
Frequency Programming, Understanding and 
Building your Diode Matrix 
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Stage H: 
FREQUENCY PROGRAMMING: 
Understanding and Building the Diode Matrix 


The labeling of the 16 parallel programming inputs of U6 should have a 
familiar ring to anyone with at least some understanding of computer 
principles, which should include all of us by now. Even though our 
desired "N" number is a five-digit decimal number, it is programmed as a 
"16 bit" BINARY number. 


Binary numbers can be as big as you like, but we get there by counting 
on a base of two, either 1 or 0, yes or no, on or off. This is, of course, the 
foundation for all digital circuitry. 


The programming inputs of your FX transceiver synthesizer can be set 
for any frequency in its range, using the correct "N" number, by means 
of the diode programming provided with your kit, or with simple switches, 
or by digital switching circuitry, or by a dedicated microprocessor circuit, 
or by a control circuit controlled by the same computer you use for 
packet, etc. 


We will cover only the diode programming approach with some brief 
suggestions on externally controlled switching. It is very intentional on 
our part to leave innovative programming schemes up to FX transceiver 
users, because there’s no single best way to do it for everybody. Our job 
was to break the price barrier on a practical, state-of-the-art UHF 
transceiver and make it highly useful for most operating patterns. 


You have easy front-panel selection of ANY 12 frequency pairs and never 
need to buy a crystal. Nor should you ever need factory service. THAT is 
what this transceiver is all about! 


There are several methods for quickly finding the required binary code 
for a particular frequency and its "N" number: 


1. Descending Subtraction (see Programming Worksheet) 
2. Printed reference lists (see Popular 440 MHz Band Pairs) 
3. Computer programs (See our sample BASIC program) 


We recommend strongly that you fully understand how to make the 
"attempted descending subtraction" calculation yourself, because that is 
your ONLY means for checking the accuracy of printed information, 
computer programs or the operation of experimental programming 
Circuits. 


Let’s walk oo the programming of 446.0 MHz, which is the national 
Simplex Calling Frequency and is also the demonstration and alignment 
Standard for ue FX-440 model. You'll see exactly what we mean by 
"descending attempted subtraction." Also, this is how the model BASIC 
program for diode programming included in this book is structured. 
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"N" for 446.00 MHz = 446000 + 12.5 = 35,680 
DECISION PROCESS - | RESULT | POSITION 


© 


an we subtract 32,768 from 35,680? YES 4 32K 
25,680 - 32,768 = 2,912 


Can we subtract 16,384 from 2,912? 
Can we subtract 8,192 from 2,912? 8K 

Can-we subtract 4,096 from 2,912? 4K 

Can we subtract 2,048 from 2,912? YES 2K ' 


2,912 - 2,048 = 864 
Can we subtract 1,024 from 864? 


Z 
O 
i 


Can we subtract 512 from 864? YES 512 
864 - 512 = 352 


Can we subtract 256 from 352? YES 256 


M 
U 
O 
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O 

as 

no 

00 


Can we subtract 128 from 96? 


Can we subtract 64 from 96? 
96 - 64 = 


< 
m 
0) 
oO 
E 


Can we subtract 32 from 32? YES 
39 - = 


Can we subtract 16 from 0? 


Can we subtract 8 from 12? 


Z | Z 
O 
=i 
O 


Z| zZ 
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Can we subtract 4 from 4? 


O 


Can we subtract 2 from 0? 


Can we subtract 1 from 0? 


S 
OR |R 
O 


Now, install Programming Diodes at all YES positions and we're done! 


The practical result from the preceding exercise is that we install diodes 
only in the YES positions on the matrix. Compare these results with the 
diode programming illustrated for 446.0 MHz Simplex on the schematic 
diagram. If you do not yet understand EXACTLY what we did in this 
exercise and why, we suggest in the strongest possible terms that you 
work at getting it clear before doing any further work on your transceiver. 
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Even though there are 16 matrix positions to program, there are some 
, shortcuts to make your job easier for normal ham band operation. Let’s 
look at the upper and lower band edges for the 440 MHz band: 


Notice that the values of the highest 4 positions are the same throughout _— 
the band. We still must program in those six positions but we only need 
to calculate for the remaining 12 (2048 through 1). 


Let's look again at the programming of 446.00 MHz Simplex, where N = 

35,680. First, we see that the 32K position is always programmed with a © 
diode and that the 16K through 4K positions never have a diode installed. 
Let’s put that fact to practical use: 


1. We will always install a diode in the 32K position. This 
gives us an initial N value of: 


32,768 


2. This number can be used to START programming ANY frequency 
within the Amateur 440 MHz Band. We need only add additional 
diodes in the 2048 through 1 positions for the various channels 
within the band. 


3.We determine these additional diodes by the same “Descending 
Attempted Subtraction,” that we used above for studying the 
programming of 446.0 MHz Simplex, a process which you can do 
in your head, with scratchpaper, or on the FX-440 Programming 
Worksheet. 


1. We're already familiar with the right answer for 446.0 simplex, let's 
use it again. 
N = 446000 + 12.5 = 35,680 


2. Since we have already installed a diode in the 32K position, our ‘initial’ 
N is 32,768. The N we need is 35,680. 


3. We now figure the difference between the N needed and the initial’ N: 
35,680 - 32,768 = 2,912 


4. Now, using the "Attempted Subtraction" technique, find the remaining — 
binary value to be programmed. 
Can we subtract 2,048 from 2,912? YES (Therefore: 2048 diode) 
2,912 -2,048 = 864 
Can we Subtract 1,024 from 864? NO (Therefore: NO 1,024 diode) - 
Can we subtract 512 from 864? YES (Therefore: 512 diode) 
864 - 512 = 352 
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Can we subtract 256 from 352? YES (Therefore: 256 diode) 
352 - 256 = 96 
Can we subtract 128 from 96? - NO (Therefore: NO 128 diode) 
Can we subtract 64 from 96? YES (Therefore: 64 diode) 
96 - 64 = 32 
Can we subtract 32 from 32? YES (Therefore: 32 diode) 
2=0 


As soon as we get a result of 0, we are finished, the remaining positions 
are left empty (indicating a zero). 


Let's check our results using this shortcut method: 


On the previous page, we found the binary equal of N = 35,680 was: 
1000101101100000 ' 

And, just now, we find the binary value of N to be: 
1000101101100000 


We see that this way leads us to a correct result also. We could go on 
and on with shortcuts and tips. For example, we can just know in our 
heads that the "1" position is used only for frequencies with 12.5 KHz 
spacing. The most important thing is simply to become comfortable and 
accurate in converting N to its binary equivalent. 


THE FFSET PROGRAMMING MATRIX 


Diode placement in this matrix follows the same binary number principles 
as used for frequency programming. This matrix is connected to the 16 
programming inputs of U6 through the four binary adders (U7-U10). 


Fewer programming positions are provided on the board simply because 
there is no practical use for extremely large or very tiny frequency 
offsets. The 2 to 8K range provides plenty of flexibility for non-standard 
channel spacing. 


U7 through U10 are called “4 bit" binary adders because they each can 
handle four binary addition operations. For each bit, there are A and B 
inputs and one S (sum) output. Examine the schematic diagram closely, 
and you will see that all the frequency programming lines are connected 
to "A" inputs and all offset lines go to "B” inputs. Notice further that the 
binary positions of both matrixes correspond to each other exactly: the 
8K offset position goes to B1 of U7 and the 8K frequency programming 
position goes to A1. Their sum appears at S1 (pin 1) and goes to U6. And 
so forth for all the other binary positions of both matrix areas. 


We made it very easy for you to set up the required receiver frequency 


and standard 5 MHz transmit offsets. Simply insert diodes correctly in the 
holes marked by circles, solder, and you're in business. 
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Here's a reproduced image of the PC Board’s matrix area. See how the 
standard offset positions are outlined with circles. 


ada ladiodJod 


+ 
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However, it’s worthwhile to understand WHY the diodes are in those 
positions. Let's work backwards, starting with the actual diode positions 
and discover WHY they are put there. 


Starting with the easiest, add up the values for the 3 diodes used in the 
+ RPT line: 


16 + 128 + 256 = 400 


400 X 12.5 KHz = 5 MHz, which is ADDED by U10 and U9 to the 
frequency programmed on the main matrix. To Say it precisely: 400 is 
added in binary form to the binary form of the N number. 


Easy enough! Whenever you want a transmit offset that is HIGHER than 
the receiver or repeater output frequency, simply find the the N number 
for the offset and program it on the offset matrix. 


Here's one more example. Let's say we want a +1 MHz offset. 
1 MHz = 1000 KHz 1000 + 125 = 80 = N 


Converting to binary: (Obviously 80 is less than all values from 8K 
through 128, meaning that we need no diodes in those positions.) 


Can we subtract 64 from 80? YES (Therefore diode at 64) 
80 - 64 = 16 
Can we subtract 32 from 16? NO (Therefore NO diode at 32) 
Can we subtract 16 from 16? YES (Therefore diode at 16) 
This +1 MHz TX offset is set up easily by diodes at 64 and 16! 
Programming of Minus offsets is covered in the Reference section of your 
manual. 
ADDITIONAL CIRCUIT NOTES: 
The 19 100K resistors at the frequency programming matrix and the 13 


100K resistors at the offset matrix are called "pull down resistors” and 
are required to ensure positive logic switching action of U6. 
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Transistor Q15 and its associated switching diodes ensure that the 
desired offset is switched in during transmit, that offset programming 
does not interfere when simplex is desired and that the offsets do not 
interfere with receiver operation, and that receiver programming (21.4 
MHz lower) does not interfere with transmit operation. Obviously, these 
simple parts must be installed correctly, or major PLL problems would 
result. 


Stage e H: 
PROGRAMMING MATRIX ASSEMBLY 
There are TWO diode matrix programming areas on your PC board. The 


obviously larger area is for frequency channel programming. The second 
space is for offset programming added in by U7-U10. 


Correct assembly of the following section permits Q15 to switch off all 
three transmit offset programming lines while receiving, allowing only the 
RECV programming to be in effect. Be certain to orient the diodes 
correctly. 

Install the following resistors: 

[ ] [ ] H1: R68, 1K (brown-black-red). 

[ ] [ ] H2: R69, 1K (brown-black-red). 

[ ] [ ] H3: R114, 1K (brown-black-red). 

[ ] [ ] H4: R65, 1K (brown-black-red). 


[ ] [ ] H5: R67, 10K (brown-black-orange). 


instal the following diodes, ł be sure to orient the cathode banded end 
ly. 1N914/1N41 


[ ] [ ] H6: D19 

[ ] [ ] H7: D15 

[ ] [ ] H8a: D13 

[ ] [ ] H8b: D14 

[ ] [ ] H9: D16 

[ ] [ ] H10. Install NPN transistor Q15, type 2N3904. The 
orientation of the flat side is obvious from the PC board 
imprinting. 


Notice that a total of 32 identical 100K resistors (brown-black- yellow) are 
to be installed in two rows for the two diode matrix areas of your 


FX-440 | Assm. 57 


transceiver. If the 100K resistors provided in your kit have pre-shaped 
and trimmed wire leads, simply press them into place and solder both 
ends. If the 100K resistors are supplied in the more usual style of a taped- 
Strip, all you need to do is work out your Own mass-production procedure 
to get the resistors in place as illustrated. There is no right, better or best 
way other than the need for clean soldering practice. 


[ ] [ ] H11-21(a). Analyze the task of soldering 13 100K resistors 


(brown-black-yellow) required for R91-R101,116,117. Plan careful 
soldering procedure and install the parts. 


138555154448 


[ ] [ ] H22-40(a). Analyze the task of soldering nineteen 100K resistors 
(brown-black-yellow)required for R71-R89. Once again plan careful 
soldering procedure and install. 
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[ ] [ ] H41. Form one diode matrix "bridge" for the RECV row of holes. 
Using the heavier gauge bare wire in your kit, shape, insert and 
solder this wire bridge as illustrated below. 

| = LENGTH = 2.8 In 


ACTUAL SIZE WIRE BRIDGE 


.75 In. 
y Pe BOARD 


Height above 
board = .5in LENGTH = 2.8 in 


S vy e y 
M) wr NU Y BDO 
. 000 
-RPT 


+RPTO——0—0-—_0-—_{0} OOO 
AUX 0——0-——0——0——0——0——0—0——0—————o—O 


Form and install all 4 bridges at this time if you wish 


[ ] [ ] H42a. Select six (6) diodes from the master supply of 1N914 or 
1N4148 switching diodes provided with this transceiver kit. 
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[ ] [ ] H42b. Set the PC board across two small boxes, blocks, cups or 
any objects which provide a couple inches of clearance between 
the bottom (solder side) and your work surface. 


[ ] [ ] H42c. Stand the CATHODE (dark band) ends of the six diodes 
DOWN into these positions on the RECV row of the smaller 
matrix: 
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[116 []64 [] 256 []2k [] 4k [ ] 8K 


[ ] [ ] H42d. Join, solder and trim the 5 RECV diodes so that 
all six anode wires are neatly connected to the RECV bus-wire 
"bridge" installed in Step H23. 


| | [ ] H42e. Solder all 6 RECV line diode cathodes on the solder-side 
of the PC board. Trim excess wires. 


2 4 8 16 32 64 128 256 512 1K 2K 4K 8K 


| CATHODES 
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We have reached the mountain-top in building the RECEIVE section of 
your transceiver as well as many sections or stages needed for 
transceiving. Double-check your work as needed. 


Frequency Programming and Channel Switch Preparation 


Before completing the transmit functions of this VHF FM transceiver, we 
should now verify that the PLL Frequency Synthesizer gives performance 
as desired and as designed. Regardless of whether you pursued the 
VCO/receiving tests proposed as optional in the previous section, it is 
NOW time to put your completed receiver section through its paces. 


In order to do this, one or more receiving frequencies must be 
programmed on the primary matrix. If you already have a firm plan for 
how you wish to program some or all of the channel positions, you can 
proceed with making the frequency programming lines that you are sure 
about. If you have little or no sure idea of how you want to set up the 
channel selector switch, you can build up a simple switching system that 
will let you try any frequency of your choice. 


If you are unsure of what frequencies to program, we suggest the 
following to get started: 


Channel 1: 446.00 MHz Simplex (national calling frequency) 

Channel 2: One additional simplex frequency such as 446.10 MHz 

Channel 3: Main repeater of your local radio club 

Channel 4: One additional repeater in your area 

Channel a 4 ee packet frequency in your area such as 441.00 or 
441. Z 


Add more channels as you become more familiar with 440 MHz band 
operation in your area. You can change or delete any of these 
frequencies whenever you wish. 


| ] [ ] H44a. Construct at least two diode bridges for 
frequency programming as illustrated below. 
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[ ] [ ] H44b. Install 2 or more diode bridges in the channel 
rows of your choice. 


Height above 

board = .5in LENGTH = 2 in 
PE E AO NAO A a 
020 O pal DOWN 
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[ ] [ ] H45. Install programming diodes for two or more channels per 
the following guide or per your own calculations or our 
Quick-Reference Chart: 


FREQ. 1 2 4 8 16 32 64 128 256 512 1K 2K 4K 8K 16K 32K 
.00 X X X X X X 


446.10 X X X X X X X 
441.00 X X X X X X 


’*X’ indicates the installation of a diode in that position. 
Each one of these channels ALSO requires a diode installed at the 
‘Simplex’ position. 


Before installing diodes, please be sure that you understand the 
Hie of binary programming explained in detail in the first pages of 
this Section. 


In lieu of constructing diode bridges and wiring the channel selector 
switch, you may elect to build your own switching system, using DIP, 
slide or toggle switches. Do such projects ONLY AFTER your transceiver 
is finished and working. 


[ ] [ ] Channel Switch S2 may be installed at whatever point in the 7 
procedure that is most convenient for you. lts purpose is to apply 
+ 5V to the desired diode bridge. Connect the desired channel 
positions on the switch to corresponding matrix channel rows 
using 2" lengths of hookup wire. 


ooo Sa er ee | 


CHANNEL SWITCH 


[ ] [ ] For all channels installed at this point that you intend for actual 
440 MHz band communication, remember to install a diode in the 
correct position for Simplex, + RPT or -RPT. Install in only one 
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position for any given channel. Remember that the Receiver 
Frequency corresponds to a repeater's output and that you are 
using +RPT or -RPT to match the repeater's input frequency. 


There is no need for diodes in the Simplex, + RPT or -RPT on any 
channel intended only for listening. Also, be aWare that omitting 
these diodes does NOT completely disable transmitting capability. 
Be VERY careful and use common sense when monitoring 

outside the ham band. 


RECEIVER ADJUSTMENT AND OPERATION 


At this point, we assume that all preceding assembly steps have been 
completed for stages "A" through "H" and that Stages "M" and "TX" 
associated with the transmitter have NOT been done. A jumper wire is 
still in place between "+ 8R" and "+ 8V.” All IC’s are installed except U4. 


NOTE: If you already have done parts installation in stages M and TX, it 
would be better to finish that work and follow the test and alignment 
instructions provided in those sections. You can still test and use the 
receiver section without damaging the transmit section if the directions in 
Stage TX are followed exactly. In particular, do not install L10, L9 or C60 
until instructed to do so. 


Adjustment Procedure: 


1. Check PC board carefully for missed connections, wire trimmings or 
untrimmed wires bent down, etc. 


2. Connect speaker and DC supply voltage. 
3. Obtain or make a non-metallic alignment tool capable of adjusting C81. 
4. Set frequency to the channel you selected for 446.00 MHz Simplex. 


5. Turn on the unit and verify normal operation of squelch and volume 
controls. 


6. Connect an accurate voltmeter to TP1 and adjust L7 for 1.6 volts (1 to 
2 volts is OK for right now). L7 is adjusted using a hot soldering 
iron and gently moving the wire short slightly foward or backward 
along the PC board trace. Move it a bit with the soldering iron, 
then check your voltage AFTER the iron is moved away. If the 
voltage is in the higher range, 2 to 3 volts, move the wire towards 
the C43 end. If the voltage is low, (.2 to 1 volt), move the wire 
towards the ground end of the trace. If your voltage is zero or 
above 4.5 volts, something is wrong in the assembly and you 
should not continue to adjust L7 - the problem is elsewhere. 


Believe it or not, this is the only way such a circuit can be 
constructed and designed at UHF. There is no such thing as a 
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simple variable inductor at these frequencies! In our final 
alignment in Stage TX, we will touch up this adjustment for 1.60 
volts in TRANSMIT mode at 446.00 MHz. 


7. If you have a frequency counter and know how to use it, connect it to 
TP2 and adjust C81 for 424.600 MHz. This presumes you have 
programmed correctly for 446.00. (446.00 - 21.40 MHz 1st IF = 
424.600 MHz.) If you do not have a fine Ramsey frequency 
counter (you didn’t think wed mention another brand, did you?) 
but have completed Step 6 successfully, you can still verify 
receiver operation quite easily. If the frequency is too high and 
ae be adjusted any lower, install C80, 15 pf. Proceed as 
ollows: 


8. Connect your voltmeter to pin 5 of U5. Pin 5 is a corner pin near 
R104. You should get a reading of at least 4 volts, this indicates 
that the PLL is indeed locked. If there is less than 3.5 volts or no 
voltage at this point, the loop is not locked and an assembly error 
is very likely. 


9. If the PLL is locked per step 8 above, it’s time to listen to a signal. 
Since we have no antenna connected, well have to listen to a 
known signal from a nearby transmitter like a handheld or mobile — 
rig. If desired, a connection can be made to L23 (the coil left 
"hanging" near the rear of the PC board) you can then connect to 
a signal generator or external antenna. Adjust the quadrature coil, 
L1, for the best sounding audio signal. ii 


10. Disconnect the DC power source before further assembly. 


That's about all there is to it. The receiver either works or it does'nt. i 
There is very little "tinkering" that can be done. If it does not work at this 
stage, it would be wise to use the “double check” brackets [ ] [ ] 
provided and retrace your steps. HINT: trace your work "backwards," 
beginning with your most recent steps. Make sure you thoroughly 
understand the PLL frequency programming and have installed the 
program diodes correctly. 


If the receiver section is not working, going ahead with Stage M or Stage 
TX is very unlikely to fix the problem. Nor is there much point calling the 
Ramsey factory for a quick fix or "what do | check?" because all a 
technician can really tell you is to double-check your work. It is virtually 
imposible to trouble-shoot your unit over the phone. The unit WILL work | 
all parts are installed correctly with proper soldering. 


Assuming that the receiver section is working fine we can now proceed 
with the final assembly whenever you are ready to do So. 
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“Stage M: 
Microphone Amplifier and Push-to-Talk Switching 
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Stage M: 
Microphone Amplifier and PTT Circuit 


If you have studied all preceding circuit explanations, you have a good * ” 
idea of what the Microphone and PTT circuitry is supposed to 
accomplish. Understanding our design clearly and assembling it correctly | 
will save many headaches and will ensure reliable FX transceiver 
operation. 


U4isa oe op amp" which means 4 Te amplifiers in one DIP 
package. Two are used as a conventional microphone gain amplifier, and 
the other two are used in the PTT (push to talk) circuit. : 


Capacitor C83 couples microphone audio to U4A and isolates the audio 
(AC) from the PTT circuitry (DC). Op amps are designed to run from both 
a positive and a negative voltage source. U4 is powered one single +8V — 
supply through the use of a voltage divider network (R59, R40). The gain 

of the amplifier is established by the ratio of R56 to R58. A passive low 
pass filter is formed by R51 and C89. The B section of U4 and its 
associated components form an active low pass audio filter. The output 
of UAB is fed through C62 to modulate the VCO control voltage as 
os in Stage E-F. Trimmer R46 permits adjustment of modulation 
evel, 


The purpose of Q11 is to shunt the microphone circuit straight to ground 
during receive, so that it cannot possibly disturb the VCO. An accessory 
modulation input is provided at PC-board point "PL" for direct injection of 
DTMF or CTCSS tones, etc. 


The PTT circuit is designed to accommodate the popular ICOM- 
compatible speaker-mikes. Notice that a single line at J4 serves both 
audio and PTT functions. The one shielded wire into the microphone 
-takes care of not two but THREE functions which could involve three 
conductors and a more complex jack. 


Three functions? First, we need to supply audio output from the 
microphone element to the amplifer. Next, we need some kind of PTT 
switching connection. Third, the electret microphone itself needs a small 
amount of voltage to operate its internal FET source follower transistor. 


Here’s how we do it with one mike line. Pushing the button simply 
connects the microphone element to the line. About 2 volts through R60 
and R57 operate the microphone element which sends audio through 
C83 to U4A. PNP transistor Q12 senses the tiny current draw of the 
microphone element and switches the 8 volts at the emitter through to 
the collector. To state it very simply, the output of U4 turns off PNP Q13 
which had been supplying 8 volts to all "+ 8R" points of the circuit. And 
the output of U4C switches on PNP Q14 to supply all * + 8T" points. 


Zener diodes D11 and D12 assure positive action, that Q13 and Q14 are 
fully on or fully off when the op amp outputs swing. Releasing the mike 
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button instantly reverses the status of Q12, Q13 and Q14 to return to 
receive mode. l 


. R70 limits the current drawn by D17 to a safe level. This LED usefully 
assures that the otherwise-silent PTT circuitry is indeed functioning and 
- Obviously has nothing to do with the RF output of the transmitter. 

The PTT circuit may also be activated at pin 3 of the Packet I/O jack. A 
direct short to ground is not necessary. The author noted very positive 

- PTT action with resistance as high as 100K from pin 3 to ground. 

This is a highly reliable and efficient. PTT system provided that careful 
attention is given to correct selection and installation of all parts: resistor 


values, PNP transistors, zener diode orientation, U4 installation, correct 
wiring of microphone jack. 


Stage M: 
ASSEMBLY PROCEDURE: 


NANA cai 
[ ] LY Mt: C86, .001 uf (marked .001 or 102 or 1nf). 
“TI M2: C83, .001 uf. 
[ ] [A M3: C88: .001 uf. 
] [ | M4: C77, .001 uf. 
| [ 1 M5: C23, .001 uf. 
HEJ_M6: R57, 2.2K (red-red-red). 
JA] M7: R59, 100K (brown-black-yellow). 
[-] M8: R58, 270 ohms (red-violet-brown). 
[|] M9a: R50, 10K (brown-black-orange). 
ii M9b: R49, 10K (brown-black-orange). 


[|] M11: R56: 47K (yellow-violet-orange). 
[ | M12: R61: 2.2K (red-red-red). 
| | M13: R37: 220K (red-red-yellow). 


Ñ L M14: C93: 4.7 or 10 uf. (Watch polarity!) 


] 

] 

] 

] 

] [ ] M10: R51, 47K (yellow-violet-orange). 

] 

] 

] 

] l 
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[ ] [ ] M15: C89: .001 uf. 
[ ] [ ] M16: C24: .001 uf. 


[ ] Dy M17. Install U4, a 14 pin DIP IC, type LM324, which 
contains all 4 op amp sections of this circuit. Orient the notched 
end as shown on the board. If you elect to provide a DIP socket, 
use the same care as for soldering the IC itself. 


[ ] AÑ M18. Install Q11, NPN transistor type 2N3904. 
Be sure to orient flat side as shown. 


[ ] [AN M19. Identify and install R46, the yellow color modulation control 
| trimmer potentiometer. It differs from trimmer Capacitors by having © 
three terminals. Simply place it in position and solder all three 
points. 
NOTE: The remaining three transistors used in this section are PNP 
types, 2N3906 or similar, marked 228256. It is ESSENTIAL to use the 
correct transistor type for Q12, Q13, Q14. 


[ ] Uh Me Install Q12, PNP transistor type 228256. Orient flat side as 
shown. - 


[ ] [ A, M21. Similarly, install Q13, PNP type 228256. 

[ ] [/J M22. Install Q14, PNP type 228256. 

Install the following addition 

[] IM M23: R60, near Q12, 10K (brown-black-orange). 

[ ] E ] M24: R62, also 10K (brown-black-orange). 

[ ] WI] M25: R111, near Q13, 4.7K (yellow-violet-red). 

[ ] DÍ M26: R40, 100K (brown-black-yellow). 

[ ] [ ] M27: R63, 470 ohms (yellow-violet-brown). 

[ ] [ 1. M28: R64, also 470 ohms (yellow-violet-brown). 

| ] 4 M29: R112, 4.7K (yellow-violet-red). 

[ ate M30: R39, near Q11, 47K (yellow-violet-orange). 

[ ] IN M31: Correctly identify zener diodes D11 and D12. They have 
‘gray bodies with a black cathode band. Install zener diode D11. 
Orient the banded end as shown. 


[ ] [|] M32: Similarly, install zener diode D12. 
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TNA Y M33: R21 (near R112), 470 ohms (yellow-violet-brown). 


[M M34a: PIN diode D2, type BA482, near R21. BA482 PIN diodes 
have an orange body, with a red cathode band. (D2 grounds the 
receiver input during transmit.) 


[1 47] M34b: PIN diode D7, also type BA482, which passes 
RF to the antenna during transmit. 


[ || [NA M38: R107, lays down near Y1, 10K (brown-black-orange). 


f M36: D22, near VR1, type 1N914 or 1N4148. Orient the banded 

\ end correctly. (+ 8T through R107 and D22 turns on Q6 to mute 
* the audio amp IC during transmit). 

] ls 1 M37: C62, near R113, .001 uf. 


[ 
Ti | Y ‘M38: Diode D5, near R35, type 1N914 or 1N4148. 
| 


Wi ) 


r L 1 M39: R31, near D5, 47K (yellow-violet-orange). 

[IL | M40: R33, also 47K (yellow-violet-orange). 

[ ] UI M41: R70, near diode matrix, 1K (brown-black-red). 

[] | | M42: Install the LED transmit indicator, D17, correctly identify the 
“anode side lead which is the longer of the two. Install the LED 


with full lead length extending above board so that the LED can 
be positioned in the front panel hole. 


MICROPHONE JACK 


= : 
4 GND 


[If ym Maga. Referring back to Section A if needed, prepare 
- two 9" wires (or 9" of 2 conductor wire) and solder one end of 
\ each to IN and GND (MIC) between C86 and U1. 


LONG LEAD 


CA 


4] M43b. Study microphone jack J4 and the above drawing. Solder 
i ithe other two wire ends to the jack lugs as shown. 


AG: M PROGRESS TEST 


1. Check the PC board for wire scraps, untrimmed leads, etc. 


2. Connect an ICOM compatible speaker-microphone to the Mic jack. 
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3. REMOVE the jumper wire between +8V and +8R that was used for 
receiver testing in previous progress tests. 


BAN 


. Connect DC power, antenna and speaker. 


QI 


. Turn the power switch 'ON’ and verify that receiver still works properly. 


O) 


. Select a steady signal or turn the squelch control so that the 
background noise is audible. 


7. Press the microphone button: the TX LED should light, and the 
- receiver should be silenced. 


8. Touch a wire from ground to pin 3 of the Packet I/O jack. Do the same 
with ANY resistor that is 47K or lower. Either way, you should get 
the same results as in Step 7. 


9. Disconnect the DC Power. 


OPTIONAL: Interested builders might wish to verify microphone amplifier 
operation at PC board point "PL" before proceeding, but such a test is 
not essential at this point. Simply connect a utility test amp to "PL", 
press the mike button and talk! 


Assembly Stage "TC": 


Transmitter Coil Preparation 


Two parts need handmade preparation before installation in the 
transmitter RF stages of your transceiver. We recommend that you get 
them ready for installation before wiring the Driver and Final stages. If 
you prefer to proceed with those stages, winding coils as you go, that’s 


fine, too, as long as you realize that all coil making details are provided in 


this section. 


[ ] [ ] TC1. WINDING L13 and L14: 
Use the heavier gauge wire in your kit for L13 and L14, the same 
wire that was used to make the diode programming bridges. 


Wind these two coils (one looks like a small loop) on the threads of the 
1/4"X20 bolt to assure perfect forming. ee if you misplaced the bolt, the 
job can be done using any true 3/16" OD object such as certain 
screwdriver shafts, etc. DO NOT try any other diameter.) 

One coil (L13) will appear to look like a small 'hair-pin' loop of just 
one-half turn, while the other coil (L14) will appear to have two turns if 
viewed from the top. Study the drawing to help you visualize them. 
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1.5 TURN COIL 


1/2 TURN COIL 


- The legs or leads for inserting L13 and L14 should be 1/4" long. When 


installed later, the coil should sit 1/8" maximum above the PC board 
groundplane. | 


Assembly Stage "TO": Programming 


- Standard Repeater Offsets (-5 and + 5 MHz) 


If you did not go ahead and do so when setting up the PLL Synthesizer 


_ for receiver testing in Stage "H", now would be a good time to install the 


diode programming for the standard transmit offsets. We discuss 
Auxiliary or Non-Standard offsets in the Reference section of this book 
(page 34-36). The following programming will set up your transceiver for 


_ normal 440 MHz band operation, still leaving the AUX line for ' 


programming one non-standard split. If you have an unusualapplication 
requiring more than one non-standard split, you will have to give up one 
or more standard + or - 5 MHz splits. 


[ ] [ ] TO1. Referring back to Stage "H" as needed, prepare three 
31⁄2" wire diode bridges for the offset matrix. 


-{ ] [ ] TO2. Install these 3 bus wire bridges in the -RPT, + RPT, and 
AUX lines. 


[ ] [ ] TOS. For - 5 MHz TX offset, install 8 diodes in the positions 


clearly marked for the -RPT line: 
[]8K [JAK []2K [Jik []512 []64 []32 []16 


REMEMBER: position cathode (banded) ends DOWN! 


| Loum L o E 
DOWN 
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[ ] [ ] TO4. For + 5MHz TX offset, install 3 diodes in the + RPT line: 
{1256 []128 []16 
[ ] [ ] TOS: Antenna connector (J3): 


[ ] [ ] Exactly when to install the SO-239 antenna RF connector is left 
to your discretion. If you are using the Ramsey CFX case set, 
mount the SO-239 to the rear panel as part of this assembly 
operation. Use the two screws, nuts, and solder lugs supplied and 
consult the illustration as needed. The flange of the connector 
sits on the outside of the rear panel. Bend the lugs so that the 
jack assembly sits neatly on the PC board.Trim the bare RF 
output wire as needed and solder it to the center connector of J3. 
This will hold the jack in place for neatly positioning the bent lugs 
on the PC board groundplane. Solder both points generously. ' 


SO-239 CONNECTOR 
MOUNTED ON OUTSIDE 
OF BACK PANEL 


SOLDERHERE NO 
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Stage TX: 


Transmitter, Buffer and Final Amplifier 


DRIVER 


= C754 C758 . 
22 22 Pf 
CHIP = + 


180,1/2w * 


NOTE WELL: 


. Install Q8 EXACTLY per our instructions. 
. Do NOT install C6@ until after Q8. 
. Do NOT install L9, or L10 
ii until AFTER PLL alignment. 
. C75A+B AND C73 (SMT) are mounted 
on the solder side of PC board. 
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Stage TX: 


Transmitter Buffer, Driver and Final 


The transmitter section, Q10, Q9 and 08, is conventional UHF RF 
Circuitry that has proven quite reliable in Ramsey transceivers. Just a few 
Circuit notes are in order. 


Transistor Q10, the transmit Buffer, amplifies the VCO output from C56 
to about 10 milliwatts, quite sufficient for checking modulation and PLL 
alignment in transmit mode as soon as this stage is built. Operating bias 
is supplied by the PLL lock detect voltage from U5B through R110. If the 
PLL unlocks, Q10 does not operate, preventing the radiation of 
out-of-band signals. 


The MRF559 Driver, Q9, amplifies the output of Q10 to drive Q8 to its full 
rated output. Q8, the popular MRF630 or its equivalent, has physical 


characteristics that the builder should understand. Many RF transistors of — 


this style have the Collector lead common to the case. Through 
sophisticated insulating technology, the Emitter lead is common to the 
case. There is significantly better gain because there is no emitter lead 
length to speak of. This relatively small transistor package can handle 
large power dissipation |F the case is property soldered to the 
groundplane of the PC board as detailed in the assembly instructions. 
The transistor is fully intended by the manufacturer to be heat-sunk in 
this manner: don't worry about soldering heat damaging the device. 


An unusual set of parts are the C73,75A,75B, SMT “chip capacitors". 
They are installed on the solder side of the board, and their leadless 
design is what allows Q9 to deliver such exceptional gain. 


DO NOT install any transmitter parts without at least reading over the 
assembly details first and the reasons for the sequence that we have 
recommended. The PIN T-R diodes D7, D6 and D2 are discussed in 
section DR. In brief review, D7 passes RF to J3 during transmit while D2 
and D6 protect the receiver RF input. The antenna input is designed for a 
50 ohm resonant antenna. C84 and C74 are tuned for maximum RF 
Output (2 to 4 watts). These adjustments are part of final transmitter 
alignment. 


Maximum RF output depends critically on following the coil winding 
instructions EXACTLY in Stage "TC". 


Stage TX: 


TRANSMITTER SECTION ASSEMBLY: 


Install the components in the order recommended and DO NOT under 
any circumstances connect DC power to the unit unless instructed to do 


so at a particular point. The following assembly ste ie presume that Stage i 


"TC" (RF coil preparation) was done. Refer to "TC" if you have any 
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question on these parts, which also may be built up as you proceed. 


IMPORTANT: = 


1. DO NOT install any parts near Q8 until after Q8 has been installed in 
accord with the explicit directions in Step TX2. If you fail to 
observe this caution, it will be virtually impossible to perform the 
installation of Q8 correctly. 


2. DO NOT INSTALL L9 or L10 UNTIL AFTER ALIGNMENT HAS 
BEEN COMPLETED. 


3. C73, C75A and C75B are SMT (surface-mount-technology) “chip” 
Capacitors and are the only parts installed on the SOLDER SID 
(bottom) of the board. 

[ ] [ ] TX1. Install Q9, RF NPN type MRF559. Let it rest flush on the 

# round bare area of the board. The holes match the pins, so the 
long lead will point exactly as illustrated. 


L14 


P | 
[ ] [1] Da RF Final transistor Q8 (MRF630 or SD1444) 

- Is also installed completely flush on the board, with the tab 
oriented toward L9. The case of Q8 is common to the emitter. Be 
sure the case stays completely flat against the top ground plane 
when soldering the 3 points. 


READ CAREFULLY: The following procedure lets the top groundplane 
serve as the heatsink for the RF final output transistor. Do not be hesitant 
in making a smooth solder bond between Q8's case and the board. An 
ordinary soldering pencil tip applied to both the case and the 
groundplane at the same time will NOT damage Q8. On the other hand, 
the lack of a good heatsink bond WILL destroy Q8 when transmitting. 
This procedure is INTENDED by the manufacturer. 


[]I Y TX2b. Now, using only your regular soldering pen and NOT a 
/ soldering "gun," solder the rim of Q8 directly to the top ground 
plane, starting at the square tab. Use enough solder for thorough 
bonding. 


[] [ ] TX3a Prepare the following tools for installing 
SMT chip capacitors C73,75A,75B: 
e Tweezers 
e Magnifier (if needed) 
e Low wattage, clean soldering tip. 
b. Unpack and study the design of the chip, noting both ends are 
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metallic. 

c. Lightly pre-tin both PC board points. 

d. Holding C73 in place across the two tinned points with 
tweezers, gently touch one junction with the soldering tip. The 
connection should solder easily. 

e. Solder the other end and touch up the first one if necessary. 


Locati 


[ } [ ] TX4: In a like manner, install C75A and C75B. 
Identify and install the following components: 
[ ] IN TX5: C56, 27 pf. 
| 
[ ] [M TAG. L11, .04 uh the small 4 turn pre-wound coil. 
[ ] ING TX7. C44, 100 pf. 
[] M TX8: C76, 27 pf 
[ ] MJ TX9: C82, 15 pf 
[ ] IN TX10: R36, 10K (brown-black-orange). 
[ ] [ ]. TX11: R110, 10K (brown-black-orange). 
[ ] [ ] TX12: R34, 51 ohms (green-brown-black). 
[ ] [ ] TX13: C97, .01 uf. 
[IE 1 TX14: Install Q10, the Transmit Buffer transistor. Make sure it is 
| type 25C2570 and not a leftover of some other type. All 
transistors should now be installed throughout vont FM 
transceiver. 
At this point, all transceiving functions except final transmitter output 
power may be tested and aligned. Q10 has plenty of RF output (10 
milliwatts) for a signal that can be heard in a nearby receiver or scanner. 
You may test and align the transceiver now or do so after installing the 
remaining transmitter parts. However, DO NOT INSTALL L9 or L10 


UNTIL AFTER ALIGNMENT HAS BEEN COMPLETED. 
Whether you test now or later depends on how anxious you are to see 
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(and hear) the results of all your hard work. If you are still awaiting your 
ham license, you can test the FM modulation of buffer stage Q10 and 
also enjoy your receiver fully. Be aware, however, that the buffer stage, 
even with no antenna connected to it, has a transmitting range of about 
100 feet, even through walls and obstacles. f 


TRANSCEIVER PLL ALIGNMENT (May also be done before Step TX35) 


Our goal in this test is to verify speech amplifier operation (U4), actual 
FM modulation of a low-level RF signal (Q10), and correct operation of 
the PLL Frequency Synthesizer in Transmit mode. If an antenna is 
connected for this test, it will affect receiver operation only. The 
"antenna" for the 10 milliwatt output consists of of the lead lengths and 
circuit-board traces associated with C76 and C82. 


TEST PROCEDURE: 


1. Make sure work area is cleaned up and that the PC board is checked 
for wire scraps lodged between connections, etc. 


2. Set transceiver frequency to 446.00 MHz Simplex. 


3. Obtain or make a non-metallic alignment blade capable of turning 
trimmer C81. | 


4. Connect speaker, microphone, antenna and 12-15 volts DC. (Antenna 
will seve RECEIVE function only.) 


5. Connect a digital voltmeter (DVM) of known accuracy to TP1 (red + 
lead to the test point, and black lead to ground). Set the meter to 
the lowest DC range that will handle up to 7 or 8 volts. A digital 

- voltmeter is used for this procedure because it has the required 
high input impedance. 


6. With the transceiver power turned on, press the microphone button 
and adjust L7 (by sliding the shorting wire) for a reading of 1.0 to 
2.0 VDC at TP1. See page 61, step #6 for details on adjusting L7. 


7. A precision adjustment of C81 requires either a frequency counter 
connected to TP2 or a digitally accurate UHF receiver tuned to 
446.00 MHz. With the microphone keyed (button pressed), C81 is 
adjusted for exactly 446.00 MHz on your Ramsey frequency 
counter or a zero-beat 446.00 MHz signal on a digitally accurate 
monitoring receiver. If you cannot adjust the frequency high 
enough, clip out C80, 15 pf. 


An adequate initial adjustment of C81 can be made by listening to 
your signal on any UHF FM receiver and carefully adjusting C81 
for the clearest-sounding signal. OR: adjust C81 for the best 
reception of a transmitted signal of known accuracy. This might 
be all that you'll ever need to do, but it is recommended that you 
make the precise adjustment when possible. 

8. While speaking in the microphone, adjust modulation level (R46) for 


o SEN Assm. 75 


the best-sounding speech. "Best" is NOT necessarily the 
maximum: see the following note. 


NOTE: R46 adjusts the FM deviation of the transmitted 
frequency. Deviation is carrier frequency swing in ste P with voice 
modulation. If you “over-deviate,” your signal will NO 

stronger. Instead, the speech will become distorted and "splash" 
over to adjacent channels. Deviation is a very important 
adjustment: “best sounding speech” will usually result in the 
proper +5KHz deviation used on VHF FM. 


9. Disconnect power and proceed with completing the transmitter section 
(Steps TX15, etc.) 


IMPORTANT: If you do NOT achieve the test results discussed above, 
there is no point in doing more work on the transmitter section until the 
problem is solved. If you are not able to transmit at least within the same 
room and receive on any desired frequency, finishing the transmitter is 
not going to fix the problem. 


CONTINUE TRANSMITTER ASSEMBLY: 

[ ] [M TX15. Install L19, .015 uH coil and ferrite bead assembly. Select 
‘a .015 uH coil (the small 2 turn pre-wound coil) and a ferrite bead. 
Slip the bead over one of the coil’s leads and install the part as 
you normally would. It is not important which lead the bead is 


slipped over. Ferrite beads, when strung on a wire, act as small 
RF chokes which are functional over a wide frequency range. 


[] E1STX16. Install C61, .001 uf. 
[ ] Xt TX17. Install C66, 10 pf. 


MEN ] TX18. Install L18, .015 uH coil and ferrite bead assembly. This 
assembly is the same as the one in step TX15 above. 


[ 1 WI TAK19. Install L14, the 1.5 turn hand-wound coil you made in step 
"TC2. 


A 
[ ] [Y] TX23. Install C60, electrolytic, 220 uf. Watch polarity. 


Install these remaining transmitter 


| ] [ ] TX24: C58, the last .1 uf. capacitor. 
Ka A ane 


a 
7 


AA e aii je 
[a seso 


LEI mes C59, .001 uf. 


TH Ay TX26: L1 3, .5 turn hand-wound coil you made in step TC2. 


| ] l | TX27: C55, .01 uf. 


¢ 


[ 1 11 Des; C74, 20 pf. trimmer (white ceramic body). 
[ -] [ | TX29: C84, 20 pf. trimmer (white ceramic body). 
[ ] | A TX30: C64, 27 pf. 


[ ] [M TX31: L8, 2.2 uH molded inductor (2 red, 1 gold and 1 black 
/pand). 


At this point, are | single PC board component has been installed except 
for L10, R32 and L9, which apply power to the RF output transistors 
(driver Q9, final Q8). DO NOT INSTALL these parts until instructed to do 
so during the Transmitter Completion and Tuneup procedure. 


Stage TX: FINAL PROGRESS CHECK: 
[ ] 1. Double check component selection for Steps TX1-TX31. 


[ ] 2. Use bright light and magnifier to go over entire board to check for 
missed connections or solder bridges. If you suspect a solder 
bridge, simple review the X-ray illustrations to see whether the 
points in question are indeed to be tied together. 


[ ] 3. Carefully check entire board for: 
e Loose bits of wire lodged among connections or components on 
either side of board. 
e Excess wire lengths which may not have been nipped and are 
now bent flat, probably against another connection. 


TRANSMITTER COMPLETION AND TUNEUP 


Do not proceed with the following until ALL of the preceding steps have 
been completed successfully. 


[ ] [ ] TX32. Disconnect DC power and antenna 


[ ] [ ] TX33. Install L10, .015 uH coil and ferrite bead assembly. This 
assembly is the same as the one in step TX15. 


=- [ ] [ ] TX34. Install L9, .015 uH coil and ferrite bead assembly. This 


assembly is the same as above. 


[ ] [ ] TX35. Install the press-on heatsink to the case of Q8. 
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[ ] [ ] TX36. Connect the following to your transceiver: 
| 50-ohm dummy load 
UHF RF wattmeter 
[ ] DC power 


[ ] [ ] TX87. Press (key) the transmit button and alternately adjust C84 | 
and C74 with a non-metallic alignment tool for maximum RF 
Output indicated on the meter. Keep these key-down tests as 
brief as possible. 


[ ] [ ] TX38. If you are observing at least 2 watts of RF output, 
` transmitter tuneup is complete. 


[ ] [ ] TX39. Adjust Modulation control R46 by listening on another 
receiver or scanner and simply adjust for best sounding audio. 
See Test Procedure, Step 8, regarding FM Deviation. 


Remember that indicated RF output also depends on the accuracy of the | 
wattmeter and correct DC supply voltage. Our lab measurements 
consistently show 3 watts or better. 


[ ] [ ] TX43. Replace the dummy load with a well designed 440 MHz 
antenna and start enjoying the FM transceiver that you built 
yourself! 


IMPORTANT: It is your responsibility to know what band 
privileges are granted by your Amateur Radio License and 
how to program the frequency synthesizer correctly within 
the 420.00 to 450.00 MHz operating range of the 440 MHz 
Amateur Band. A proper license is required for transmitting 
in this band. Other FCC licensing is required for operation of 
this equipment on frequencies outside the Amateur Band. It 
is illegal for licensed amateurs or other persons to transmit 
on frequencies for which they are not properly licensed. 
RAMSEY ELECTRONICS, INC. 
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1 +13.8Vdc 
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RAMSEY ELECTRONICS INC. 
793 CANNING PKWY 
VICTOR NY 14564-8924 
U.S.A. 
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NOTES: 


1) AUXILARY SPLIT IS SHOWN AS —2MHz. 
IT CAN BE PROGRAMMED FOR ANY VALUE. 


2) USE A DIODE TO JUMPER FROM THE 
CHANNEL LINE TO THE AUX SPLIT POINT 
FOR EACH CHANNEL THAT USES THE AUX SPLIT. 


3) FOR AUX. SPLIT DO NOT INSTALL ANY 
DIODES IN THE SIMP. OR RPT POSITIONS. 
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4) C49, Q5, R26, R27, R28, R29 AND R32 ARE NOT USED ON THIS REVISION. 
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NOTE: ONLY SIX OF THE TWELVE 
SWITCH POSITIONS ARE SHOWN HERE 
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